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ENZYMATIC OIL-DEGUMMING METHOD

REFERENCE TO RELATED APPLICATIONS

Reference is made to the following related applications: United States Application
Serial Number 09/750,990 filed on 20 July 1999, United States Application Serial
Number 10/409,391, W02004/064537, WO2004/064987, PCT/IB2004/004378 and
PCT/IB2004/004374. Each of these applications and each of the documents cited in
each of these applications (“‘application cited documents”), and each document
referenced or cited in the application cited documents, either in the text or during the
prosecution of those applications, as well as all argmnents in support of patentability
advanced during such prosecution, are hereby incorporated herein by reference.
Various documents are also cited in this text (“herein cited doci)ments”). Each of the
herein cited documents, and each document cited or referenced in the herein cited

documents, is hereby incorporated herein by reference.
FIELD OF INVENTION

The present invention relates to a method for enzymatically degumming edible oils

using a lipid acyltransferase.
The present invention further relates to one or more lipid acyltransferases.

The present invention yet further relates to the use of a lipid acyltransferase to the

degumming of edible oils.
TECHNICAL BACKGROUND

Traditionally two processes have been used for degumming of oil which are the
physical degumming and the chemical degumming processes. Back in the 1990’s the
enzymatic degumming process was developed based on the use of pancreatic

phospholipase. Because this enzyme was non-kosher the phospholipase was eventually
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substituted by a microbial phospholipase Al (Lecitase Ultra™ - Novozymes,
Denmark). The enzymatic process has several advantages over the chemical or the
physical degumming processes including cost savings, higher yield and a more

environmentally friendly process.
SUMMARY ASPECTS OF THE PRESENT INVENTION

In one aspect, the present invention provides a method for the enzymatic degumming

of vegetable oils or edible oils using a lipid acyltransferase as defined herein.

The present invention also provides a process of enzymatic degumming of vegetable
or edible oils, comprising treating the edible or vegetable oil with a lipid acyl

transferase according to the present invention so as to remove a major part of the

phospholipid.

The present invention also provides a process of enzymatic degumming of vegetable
or edible oils, comprising treating the edible or vegetable oil with a lipid acyl
transferase according to the present invention so as to transfer an acyl group from a
major part of the phospholipid to one or more acyl acceptors, for example to one or

more sterols and/or stanols.
In another aspect, the present invention provides one or more lipid acyltransferases.

In one aspect, the present invention provides a lipid acyltransferase comprising the

amino acid sequence shown as SEQ ID No. 16.

In another aspect, the present invention provides a lipid acyltransferase comprising the
amino acid sequence shown as SEQ ID No. 16, or an amino acid sequence which has
75% or more, preferably 85% or more, more preferably 90% or more, even more
preferably 95% or more, even more preferably 98% or more, or even more preferably
99% or more identity to SEQ ID No. 16.
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In a yet further aspect, the present invention provides the use of a lipid acyltransferase
in the degumming of edible oils (i) to remove phospholipids (such as
phosphatidylcholine) and/or (ii) to increase the formation of sterol esters and/or stanol
esters in the oil and/or (iii) to remove phospholipids (such as phosphatidylcholine)
and/or to increase the formation of stero) esters and/or stanol esters in the oil without

significantly increasing free fatty acids in the oil.
PREFERABLE ASPECTS

The lipid acyltransferase for use in the present invention may be a natural lipid

acyltransferase or may be a variant lipid acyltransferase.

For inétance, fhe lipid acyltransferase for use in the method and uses of the present
invention may be one as described in W02004/064537 or WO2004/064987, or
PCT/1IB2004/004378 or GB0513859.9, for example.

The term “1ipid acyltransferase” as used herein means an enzyme that has
acyltransferase activity (generally classified as E.C. 2.3.1.x), whereby the enzyme is
capable of ﬁ'ansferring an acyl group from a lipid to one or more acceptor substrates,
such as one or more of the following: a sterol; a stanol; a carbohydrate; a protein; a

protein subunit; glycerol — preferably a sterol and/or a stanol.

Preferably, the lipid acyltransferase according to the present invention or for use in the
methods and/or uses of the present invention is capable of transferring an acyl group
from a lipid (as defined herein) to one or more of the following acyl acceptor

substrates: a sterol or a stanol, preferably a sterol.

For some aspects the “acyl acceptor” according to the present invention may be any
compound comprising a hydroxy group (-OH), such as for example, polyvalent
alcohols, including glycerol; sterols; stanols; carbohydrates; hydroxy acids including
fruit acids, citric acid, tartaric acid, lactic acid and ascorbic acid; proteins or a sub-unit

thereof, such as amino acids, protein hydrolysates and peptides (partly hydrolysed
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protein) for example; and mixtures and derivatives thereof. Preferably, the “acyl

acceptor” according to the present invention is not water.
The acyl acceptor is preferably not a monoglyceride.

In one aspect, the lipid acyltransferase according to the present invention or for use in
the methods and/or uses of the present invention may, as well as being able to transfer
an acy! group from a lipid to a sterol and/or a stanol, additionally be able to transfer
the acyl group from a lipid to one or more of the following: a carbohydrate, a protein, a

protein subunit, glycerol.

Preferably, the lipid substrate upon which the lipid acyltransferase according to the
present invention acts is one or more of the following lipids: a phospholipid, such as a

lecithin, e.g. phosphatidyicholine.

This lipid substrate may be referred to herein as the “lipid acyl donor”. The term
lecithin as used herein encompasses phosphatidylcholine, phosphatidylethanolamine,
phosphatidylinositol, phosphatidylserine and phospbatidylglycerol.

For some aspects, preferably the lipid substrate upon which the lipid acyltransferase
according to the present invention or for use in the method and/or uses of the present

invention acts as a phospholipid, such as lecithin, for example phosphatidylcholine.

For some aspects, preferably the lipid acyltransferase according to the present
invention or for use in the method and/or uses of the present invention is incapable, or
substantially incapable, of acting on a triglyceride and/or a 1-monoglyceride and/or 2-

monoglyceride.

Suitably, the lipid acyltransferase according to the present invention or for use in the
method and/or uses of the present invention may exhibit one or more of the following
phospholipase activities: phospholipase A2 activity (E.C. 3.1.1.4) or phospholipase A1l
activity (E.C. 3.1.1.32).
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Suitably, for some aspects the lipid acyltransferase according to the present invention
or for use in the method and/or uses of the present invention may be capable of

transferring an acyl group from a phospholipid to a sterol and/or a stanol.

For some aspects, preferably the lipid acyltransferase according to the present
invention or for use in methods and/or uses of the present invention is capable of
transferring an acyl group from a phospholipid to a sterol and/or a stanol to form at

least a sterol ester and/or a stanol ester.

For some aspects, preferably the lipid acyltransferase according to the present

invention or for use in the method and/or uses of the present invention does not exhibit

_ triacylglycerol lipase activity (E.C. 3.1.1.3) or does not exhibit significant

triacylglycerol lipase activity (E.C. 3.1.1.3).

The lipid acyltransferase according to the present invention or for use in the method
and/or uses of the present invention may be capable of transferring an acyl group from
a lipid to a sterol and/or a stanol. Thus, in one embodiment the “acyl acceptor”
according to the present invention may be either a sterol or a stanol or a combination

of both a sterol and a stanol.

Preferably, the lipid acyltransferase enzyme according to the present invention or for

* use in methods and uses of the present invention may be characterised using the

following criteria:
@) the enzyme possesses acyl transferase activity which may be defined as
ester transfer activity whereby the acyl part of an original ester bond of
a lipid acyl donor is transferred to an acyl acceptor to form a new ester;
and
(i)  the enzyme comprises the amino acid sequence motif GDSX, wherein
X is one or more of the following amino acid residues L, A, V, L F, Y,
H,Q T,N,MorS.
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Preferably, X of the GDSX motif is L or Y. More preferably, X of the GDSX motif is
L. Thus, preferably the enzyme according to the present invention comprises the

amino acid sequence motif GDSL.

The GDSX motif is comprised of four conserved amino acids. Preferably, the serine
within the motif is a catalytic serine of the lipid acyltransferase enzyme. Suitably, the
serine of the GDSX motif may be in a position corresponding to Ser-16 in Aeromonas
hydrophila lipolytic enzyme taught in Brumlik & Buckley (Journal of Bacteriology
Apr. 1996, Vol. 178, No. 7, p 2060-2064).

To determine if a protein has the GDSX motif according to the present invention, the
sequence is preferably compared with the hidden markov model profiles (HMM
profiles) of the pfam database in accordance with the procedures taugﬁt in
WO02004/064537 or W0O2004/064987.

Pfam is a database of protein domain families. Pfam contains curated multiple
sequence alignments for each family as well as profile hidden Markov models (profile
HMMs) for identifying these domains in new sequences. An introduction to Pfam can
be found in Bateman A ef al. (2002) Nucleic Acids Res. 30; 276-280. Hidden Markov
models are used in a number of databases that aim at classifying proteins, for review
see Bateman A and Haft DH (2002) Brief Bioinform 3; 236-245.

bttp://www.ncbi.nlm.nih.gov/entrez/query.fegi?cmd=Retrieve&db=PubMed&list_uids
=12230032&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve &db=PubMed&list_uids

-=11752314&dopt=Abstract

For a detailed explanation of hidden Markov models and how they are applied in the
Pfam database see Durbin R, Eddy S, and Krogh A (1998) Biological sequence
analysis; probabilistic models of proteins and nucleic acids. Cambridge University -
Press, ISBN 0-521-62041-4. The Hammer software package can be obtained from
Washington University, St Louis, USA.
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Altemnatively, the GDSX motif can be identified using the Hammer software package,
the instructions are provided in Durbin R, Eddy S, and Krogh A (1998) Biological
sequence analysis; probabilistic models of proteins and nucleic acids. Cambridge
University Press, ISBN 0-521-62041-4 and the references therein, and the HMMER2
profile provided within this specification.

The PFAM database can be accessed, for example, through several servers which are
currently located at the following websites.
hitp://www.sanger.ac.uk/Software/Pfam/index.shtml

http://pfam.wustl.eduw/

hitp://pfam.jouy.inra.fi/

hittp://pfam.cgb.ki.se/

The database offers a search facility where one can enter a protein sequence. Using the
default parameters of the database the protein sequence will then be analysed for the
presence of Pfam domains. The GDSX domain is an established domain in the
database and as such its presence in any query sequence will be recognised. The
database will return the alignment of the Pfam00657 consensus sequence to the query

sequence.

Preferably the lipid acyltransferase enzyme for use in methods and uses of the
invention can be aligned using the Pfam00657 consensus sequence (for a full
explanation see W02004/064537 or W02004/064987).

Preferably, a positive match with the hidden markov model profile (HMM profile) of
the pfam00657 domain family indicates the presence of the GDSL or GDSX domain

according to the present invention.

Preferably when aligned with the Pfam00657 consensus sequence the lipid
acyltransferase for use in the methods or uses of the invention may have at least one,

preferably more than one, preferably more than two, of the following, a GDSx block, a
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GANDY block, a HPT block. Suitably, the lipid acyltransferase may have a GDSx
block and a GANDY block. Alternatively, the enzyme may have a GDSx block and a
HPT block. Preferably the enzyme comprises at least a GDSx block.

Preferably, residues of the GANDY motif are selected from GANDY, GGNDA,
GGNDL, most preferably GANDY.

Preferably, when aligned with the Pfam00657 consensus sequence the enzyme for use
in the methods or uses of the invention have at least one, preferably more than one,
preferably more than two, preferably more than three, preferably more than four,
preferably more than five, preferably more than six, preferably more than seven,
preferably more than eight, preferably more than nine, preferably more than ten,
preferably more than eleven, preferably more than twelve, preferably more than
thirteen, preferably more than fourteen, of the following amino acid residues when
compared to the reference 4. hydrophilia polypeptide sequence, namely SEQ 1D No.
1: 28hid, 29hid, 30hid, 31hid, 32gly, 33Asp, 34Ser, 35hid, 130hid, 131Gly, 132Hid,
133Asn, 134Asp, 135hid, 309His.

The pfam00657 GDSX domain is a unique identifier which distinguishes proteins
possessing this domain from other enzymes.

The pfam00657 consensus sequence is presented in Figure 12 as SEQ ID No. 2. This is
derived from the identification of the pfam family 00657, database version 6, which
may also be referred to as pfam00657.6 herein.

The consensus sequence may be updated by using further releases of the pfam
database (for example see W02004/064537 or W02004/064987).

The presence of the GDSx, GANDY and HPT blocks are found in the pfam family
00657 from both releases of the database. Future releases of the pfam database can be
used to identify the pfam family 00657. |
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In one embodiment, the lipid acyltransferase enzyme for use in methods and uses of
the present invention may be characterised using the following criteria: -

() the enzyme possesses acy] transferase activity which may be defined as
ester transfer activity whereby the acyl part of an original ester bond of
a lipid acyl donor is transferred to acyl acceptor to form a new ester;

(i)  the enzyme comprises the amino acid sequence motif GDSX, wherein
X is one or more of the following amino acid residues L, A, V, L F, Y,
H,QT,N,MorS,;

(iii)  the enzyme comprises His-309 or comprises a histidine residue at a
position corresponding to His-309 in the Aeromonas hydrophila lipid
acyltransferase enzyme shown in Figures 11 and 13 (SEQ ID No. 1 or
SEQ ID No. 3).

Preferably, the amino acid residue of the GDSX motifis L.

In SEQ ID No. 3 or SEQ ID No. 1 the first 18 amino acid residues form a signal
sequence. His-309 of the full length sequence, that is the protein including the signal
sequence, equates to His-291 of the mature part of the protein, i.e. the sequence
without the signal sequence.

In one embodiment, the lipid acyltransferase enzyme for use in methods and uses of
the present invention comprises the following catalytic triad: Ser-34, Asp-134 and His-
309 or comprises a serine residue, an aspartic acid residue and a histidine residue,
respectively, at positions corresponding to Ser-34, Asp-134 and His-309 in the
Aeromonas hydrophila lipid acyltransferase enzyme shown in Figure 13 (SEQ ID No.
3) or Figure 11 (SEQ ID No. 1). As stated above, in the sequence shown in SEQ ID
No. 3 or SEQ ID No. 1 the first 18 amino acid residues form a signal sequence. Ser-34,
Asp-134 and His-309 of the full length sequence, that is the protein including the
signal sequence, equate to Ser-16, Asp-116 and His-291 of the mature part of the
protein, i.e. the sequence without the signal sequence. In the pfam00657 consensus
sequence, as given in Figure 12 (SEQ ID No. 2) the active site residues correspond to
Ser-7, Asp-157 and His-348.
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In one embodiment, the lipid acyltransferase enzyme for use in methods and uses of

the present invention may be characterised using the following criteria:

) the enzyme possesses acyl transferase activity which may be defined as

ester transfer activity whereby the acyl

part of an original ester bond of

a first lipid acyl donor is transferred to an acyl acceptor to form a new

ester; and

(i) the enzyme comprises at least Gly-32, Asp-33, Ser-34, Asp-134 and

His-309 or comprises glycine, aspartic acid, serine, aspartic acid and

histidine residues at positions corresponding to Gly-32, Asp-33, Ser-34,

Asp-134 and His-309, respectively, in

the Aeromonas hydrophila lipid

acyltransferase enzyme shown in Figure 13 (SEQ ID No. 3) or Figure

11 (SEQ ID No. 1).

Suitably, the lipid acyltransferase enzyme for use in methods and uses of present

invention comprises one or more of the following amino acid sequences:

)
(i)
(iii)
@iv)
W)
(vi)
(vi)
(viii)
(ix)
)
(xi)
(xii)

(xiii)

the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No
the amino acid sequence shown as SEQ ID No

the amino acid sequence shown as SEQ ID No

. 3 (see Figure 13)
. 4 (see Figure 14)
. 5 (see Figure 15)
. 6 (see Figure 16)
. 7 (see Figure 17)
. 8 (see Figure 18)
. 9 (Figure 19)

. 10 (Figure 20)

. 11 (Figure 21)

. 12 (Figure 22)

. 13 (Figure 23)

. 14 (Figure 24)
.1 (Figure 11)

(xiv) the amino acid sequence shown as SEQ ID No. 15 (Figure 25) or

an amino acid sequence which has 75% or more identity with any one of the sequences
shown as SEQ ID No. 1, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6,
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SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ
ID No. 12, SEQ ID No. 13, SEQ ID No. 14, or SEQ ID No. 15.

Suitably, the lipid acyltransferase enzyme for use in methods and uses of the present
invention comprises either the amino acid sequence shown as SEQ ID No. 3 or as SEQ
ID No. 4 or SEQ ID No. 1 or SEQ ID No. 15 or comprises an amino acid sequence
which has 75% or more, preferably 80% or more, preferably 85% or more, preferably
90% or more, preferably 95% or more, identity with the amino acid sequence shown as
SEQ ID No. 3 or the amino acid sequence shown as SEQ 1D No. 4 or the amino acid
sequence shown as SEQ ID No. 1 or the amino acid sequence shown as SEQ ID No.
15.

Suitably the lipid acyltransferase enzyme for use in methods and uses of the present
invention comprises an amino acid sequence which has 80% or more, preferably 85%
or more, more preferably 90% or more and even more preferably 95% or more identity
with any one of the sequences shown as SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5,
SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID
No. 11, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No. 14, SEQ ID No. 1, or SEQID
No. 15.

Suitably, the lipid acyltransferase enzyme for use in methods and uses of the present

invention comprises one or more of the following amino acid sequences:

(a) an amino acid sequence shown as amino acid residues 1-100 of SEQ ID No. 3 or
SEQ ID No. 1;

(b) an amino acid sequence shown as amino acids residues 101-200 of SEQ ID No. 3
or SEQID No. 1;

(c) an amino acid sequence shown as amino acid residues 201-300 of SEQ ID No. 3 or
SEQID No. 1; or

(d) an amino acid sequence which has 75% or more, preferably 85% or more, more
preferably 90% or more, even more preferably 95% or more identity to any one of

the amino acid sequences defined in (a)-{(c) above.
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Suitably, the lipid acyltransferase enzyme for use in methods and uses of the present

invention comprises one or more of the following amino acid sequences:

(a) an amino acid sequence shown as amino acid residues 28-39 of SEQ ID No. 3 or
SEQ ID No. 1;

(b) an amino acid sequence shown as amino acids residues 77-88 of SEQ ID No. 3 or
SEQ ID No. 1;

(c) an amino acid sequence shown as amino acid residues 126-136 of SEQ ID No. 3 or
SEQID No. I;

(d) an amino acid sequence shown as amino acid residues 163-175 of SEQ ID No. 3 or
SEQID No. 1;

(e) an amino acid sequence shown as amino acid residues 304-311 of SEQ ID No. 3 or
SEQID No. 1; or

(f) an amino acid sequence which has 75% or more, preferably 85% or more, more
preferably 90% or more, even more preferably 95% or more identity to any one of

the amino acid sequences defined in (a)-(e) above.

In one aspect, the lipid acyltransferase for use in the method and uses of the present
invention may be the lipid acyl transferase from Candida parapsilosis as taught in EP
1275711. Thus in one aspect the lipid acyltransferase for use in the method and uses
of the present invention may be a lipid acyltransferase comprising one of the amino
acid sequences taught in SEQ ID No. 17 (Figure 28) or SEQ ID No. 18 (Figure 29).

Much by preference, the lipid acyltransferase for use in the method and uses of the
present invention may be a lipid acyltransferase comprising the amino acid sequence
shown as SEQ ID No. 16 (Figure 10), or an amino acid sequence which has 75% or
more, preferably 85% or more, more preferably 90% or more, even more preferably
95% or more, even more preferably 98% or more, or even more preferably 99% or

more identity to SEQ ID No. 16. This enzyme could be considered a variant enzyme.

In one aspect, the lipid acyltransferase for use in the methods and uses of the present
invention may be a lecithin:cholesterol acyltransferase (LCAT) or variant thereof (for

example a variant made by molecular evolution)
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Suitable LCATS are known in the art and may be obtainable from one or more of the
following organisms for example: mammals, rat, mice, chickens, Drosophila
melanogaster, plants, including Arabidopsis and Oryza sativa, nematodes, fungi and

yeast.

In one embodiment the lipid acyltransferase enzyme fbr use in the methods and uses of
the present invention may be the lipid acyltransferase obtainable, preferably obtained,
from the E. coli strains TOP 10 harbouring pPet12aAhydro and pPet12aASalmo
deposited by Danisco A/S of Langebrogade 1, DK-1001 Copenhagen K, Denmark
under the Budapest Treaty on the International Recognition of the Deposit of
Microorganisms for the purposes of Patent Procedure at the National Collection of
Industrial, Marine and Food Bacteria (NCIMB) 23 St. Machar Street, Aberdeen
Scotland, GB on 22 December 2003 under accession numbers NICMB 41204 and
NCIMB 41205, respectively.

Highly preferred lipid acyl transferases for use in the methods of the invention include

those isolated from Aeromonas spp., preferably Aeromonas hydrophila or A.
salmonicida, most preferable A. salmonicida. Most preferred lipid acyl transferases
for use in the present invention are encoded by SEQ ID No.s 1, 3, 4, 15, 16. 1t will be
recognised by the skilled person that it is preferable that the signal peptides of the acyl
transferase has been cleaved during expression of the transferase. The signal peptide
of SEQID 1, 3, 4, 15 and 16 are amino acids 1-18. Therefore the most preferred
regions are amino acids 19-335 for SEQ ID No. 1 and SEQ ID No. 3 (4. hydrophilia)
and amino acids 19-336 for SEQ ID No. 4, SEQ ID No. 15 and SEQ ID No. 16. (4.
salmonicida). When used to determine the homology of identity of the amino acid

sequences, it is preferred that the alignments as herein described use the mature
sequence. '

Therefore the most preferred regions for determining homology (identity) are amino
acids 19-335 for SEQ ID No. 1 and 3 (4. hydrophilia) and amino acids 19-336 for
SEQ ID No.s 4, 15 and 16. (4. salmonicida). SEQ ID 34 and 35 are mature protein
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sequences of the highly preferred lipid acyl transferases from 4. Aydrophilia and A.
salmonicida respectively.

A lipid acyl transferase for use in the invention may also be isolated from
Thermobifida, preferably T. fusca, most preferably that encoded by SEQ ID No. 28.

A lipid. acy] transferase for use in the invention may also be isolated from
Streptomyces, preferable S. avermitis, most preferably that encoded by SEQ ID No. 32.
Other possible enzymes for use in the present invention from Streptomyces include
those encoded by SEQ ID No.s 5, 6, 9, 10, 11, 12, 13, 14, 31, 33. The examples show
that the enzyme encoded by SEQ ID No. 33 is highly effective in enzymatic

degumming.

An enzyme for use in the invention may also be isolated from Corynebacterium,
preferably C. efficiens, most preferably that encoded by SEQ ID No. 29.

Suitably, the lipid acyltransferase for use in the methods and uses according to the
present invention may be a lipid acyltransferase comprising any one of the amino acid
sequences shown as SEQ ID No.s 37, 38, 40, 41, 43, 45, or 47 or an amine acid
sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98%
identity therewith, or encoded by any one of the nucleotide sequences shown as SEQ
ID No.s 36, 39, 42, 44, 46, or 48 or a nucleotide sequence which has at least 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith.

Preferably, the lipid acyltransferase for use in the methods and uses according to the
present invention is a lipid acyltransferase capable of hydrolysing at least galactolipids
and/or capable of transferring an acyl group from at least a galactolipid to one or more
acyl acceptor substrates, wherein the enzyme is obtainable, preferably obtained, from

Streptomyces species.

In one embodiment the lipid acyltransferase for use in the methods and uses according

to the present invention is preferably a lipid acyltransferase capable of hydrolysing at
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least galactolipids and/or capable of transferring an acyl group from at least a
galactolipid to one or more acyl acceptor substrates, wherein the enzyme is encoded by
a nucleic acid selected from the group consisting of:
a) anucleic acid comprising a nucleotide sequence shown in SEQ ID No. 36;
b} anucleic acid which is related to the nucleotide sequence of SEQ ID No. 36 by
the degeneration of the genetic code; and
©) anucleic acid comprising a nucleotide sequence which has at least 70%
identity with the nucleotide sequence shown in SEQ ID No. 36.

In one embodiment, the lipid acyltransferase for use in the methods and uses according
to the present invention is preferably a lipid acyltransferase comprising an amino acid
sequence as shown in SEQ ID No. 37 or an amino acid sequence which has at least
60% idenﬁty thereto.

In another embodiment the lipid acyltransferase for use in the methods and uses
according to the present invention is preferably a lipid acyltransferasé: capable of
hydrolysing at least a galactolipid and/or capable of transferring an acyl group from at
least a galactolipid to one or more acyl acceptor substrates, wherein the enzyme
comprises an amino acid sequence as shown in SEQ ID No. 37 or an amino acid

sequence which has at least 60% identity thereto.

Preferably, the lipid acyltransferase for use in the methods and uses according to the

“present invention is a lipid acyltransferase capable of hydrolysing at least galactolipids

and/or capable of transferring an acyl group from at least a galactolipid fo one or more
acyl acceptor substrates, wherein the enzyme is obtainable, preferably obtained, from
Thermobifida species, preferably Thermobifida fusca.

Preferably, the lipid acyltransferase for use in the methods and uses according to the
present invention is a lipolytic enzyme capable of hydrolysing at least galactolipids
and/or capable of transferring an acyl group from at least a galactolipid to one or more
acyl acceptor substrates, wherein the enzyme is obtainable, preferably obtained, from
Corynebacterium species, preferably Corynebacterium efficiens.
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In a further embodiment the lipid acyltransferase for use in the methods and uses
according to the present invention may be a lipid acyltransferase comprising any one
of the amino acid sequences shown as SEQ ID No. 37, 38, 40, 41, 43, 45 or 47 or an
amino acid sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%
or 98% identity therewith, or encoded by any one of ﬂxe nucleotide sequences shown
as SEQ ID No. 39, 42, 44, 46 or 48 or a nucleotide sequence which has at least 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith.

In a further embodiment the lipid acyltransferase for use in the methods and uses
according to the present invention may be a lipid acyltransferase comprising any one
of amino séquences shown as SEQ ID No. 38, 40, 41, 45 or 47 or an amino acid
sequence which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98%

identity therewith for the uses described herein.

In a further embodiment the lipid acyltransferase for use in the methods and uses
according to the present invention may be a lipid acyltransferase comprising any one
of amino sequences shown as SEQ-ID No. 38, 40, or 47 or an amino acid sequence
which has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity

therewith for the uses described herein.

More preferably in one embodiment the lipid acyltransferase for use in the methods
and uses according to the present invention may be a lipid acyltransferase comprising
the amino acid sequence shown as SEQ ID No. 47 or an amino acid sequence which
has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith.

In another embodiment the lipid acyltransferase for use in the methods and uses
according to the present invention may be a lipid acyltransferase comprising the amino
acid sequence shown as SEQ ID No. 43 or 44 or an amino acid sequence which has at
least 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith.
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In another embodiment the lipid acyliransferase for use in the methods and uses
according to the present invention may be a lipid acyltransferase comprising the amino
acid sequence shown as SEQ ID No. 41 or an amino acid sequence which has at least
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or 98% identity therewith.

In one embodiment the lipid acyltransferase for use in the methods and uses according
to the present invention may be a lipid acyltransferase capable of hydrolysing at least
galactolipids and/or capable of transferring an acyl group from at least a galactolipid to
one or more acyl acceptor substrates, wherein the enzyme is encoded by a nucleic acid
selected from the group consisting of:

a) anmucleic acid comprising a nucleotide sequence shown in SEQ ID No. 36;

b) anucleic acid which is related to the nucleotide sequence of SEQ ID No. 36 by

the degeneration of the genetic code; and
¢) anucleic acid comprising a nucleotide sequence which has at least 70%

identity with the nucleotide sequence shown in SEQ ID No. 36.

In one embodiment the lipid acyltransferase according to the present invention may be
a lipid acyltransferase obtainable, preferably obtained, from the Streptomyces strains
L130 or L131 deposited by Danisco A/S of Langebrogade 1, DK-1001 Copenhagen K,
Denmark under the Budapest Treaty on the International Recognition of the Deposit of
Microorganisms for the purposes of Patent Procedure at the National Collection of
Industrial, Marine and Food Bacteria (NCIMB) 23 St. Machar Street, Aberdeen
Scotland, GB on 25 June 2004 under accession numbers NCIMB 41226 and NCIMB

. 41227, respectively.

Suitable lipid acyltransferases for use in accordance with the present invention and/or
in the methods of the present invention may comprise any one of the following amino
acid sequences and/or be encoded by the following nucleotide sequences:

a polynucleotide encoding a lipid acyltransferase according to the present invention
{SEQ ID No. 16);

an amino acid sequence of a lipid acyltransferase according to the present invention
(SEQID No. 17).
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A suitable lipid acyl-transferase enzyme for use in the methods of the invention may
also be identified by alignment to the L131 (SEQ ID No. 37) sequence using Align X,
the Clustal W pairwise alignment algorithm of VectorNTI using default settings.

An alignment of the 1.131 and homologues from S. gavermitilis and T. fusca illustrates
that the conservation of the GDSx motif (GDSY in L131 and S. avermitilis and T.
fusca), the GANDY box, which is either GGNDA or GGNDL, and the HPT block
(considered to be the conserved catalytic histadine). These three conserved blocks are
highlighted in Figure 61.

When aligned to either the pfam Pfam00657 consensus sequence (as described in
‘WO04/064987) and/ or the 1.131 sequence herein disclosed (SEQIDNo 37)itis
possible to identify three conserved regions, the GDSx block, the GANDY block and
the HTP block (see WO04/064987 for further details).

When aligned to either the pfam Pfam00657 consensus sequence (as described in
WQ004/064987) and/ or the L131 sequence herein disclosed (SEQ ID No 37)

‘ i) The lipid acyl-transferase enzyme of the invention, or for use in methods of
the invention, has preferably a GDSx motif, more preferably a GDSx motif
selected from GDSL or GDSY motif.

and/or

ii) The lipid acyl-transferase enzyme of the invention, or for use in methods of
the invention, has preferably a GANDY block, more preferably a GANDY
block comprising amino GGNDx, more preferably GGNDA or GGNDL.

and/or

iii)  The enzyme of the invention, or for use in methods of the invention, has
preferable an HTP block.

and preferably

iv)  The galactolipase/lipid acyl-transferase enzyme of the invention, or for use
in methods of the invention, has preferably a GDSx or GDSY muotif, and a
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GANDY block comprising amino GGNDX, preferably GGNDA or
GGNDL, and a HTP block (conserved histadine).

Suitably, when the lipid acyltransferase for use in the methods or uses of the present
invention, may be a variant lipid acyltransferase, in which case the enzyme may be
characterised in that the enzyme comprises the amino acid sequence motif GDSX,
wherein X is one or mdre of the following amino acid residues L, A, V,LF, Y, H, Q,
T, N, M or S, and wherein the variant enzyme comprises one or more amino acid
modifications compared with a parent sequence at any one or more of the amino acid

residues defined in set 2 or set 4 or set 6 or set 7 (defined hereinbelow).

For instance the variant lipid acyltransferase enzyme for use in the methods or uses of
the present invention may be characterised in that the enzyme comprises the amino
acid sequence motif GDSX, wherein X is one or more of the following amino acid
residues L, A, V, L F, Y, H, Q, T, N, M or S, and wherein the variant enzyme
comprises one or more amino acid modifications compared with a parent sequence at
any one or more of the amino acid residues detailed in set 2 or set 4 or set 6 or set 7
(defined hereinbelow) identified by said parent sequence being structurally aligned
with the structural model of P10480 defined herein, which is preferably obtained by
structural alignment of P10480 crystal structure coordinates with 1IVN.PDB and/or
1DEO.PDB as taught herein.

In a further embodiment the variant lipid acyltransferase enzyme for use in the
methods or uses of the present invention may be characterised in that the enzyme
comprises the amino acid sequence motif GDSX, wherein X is one or more of the
following amino acid residues L, A, V, 1, F, Y, H, Q, T, N, M or S, and wherein the
variant enzyme comprises one or more amino acid modifications compared with a
parent sequence at any one or more of the amino acid residues taugi)t in set 2 identified
when said parent sequence is aligned to the pfam consensus sequence (SEQ ID No. 2 -
Figure 12) and modified according to a structural model of P10480 to ensure best fit
overlap (see Figure 30) as taught herein.
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Suitably the variant lipid acyltransferase enzyme may comprise an amino acid
sequence, which amino acid sequence is shown as SEQ ID No. 34, SEQ ID No. 3,
SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID
No. 19, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, SEQID No. 13, SEQ ID No.
14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25, SEQ ID No. 26, SEQ ID No. 27,

- SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, , SEQ ID No. 32, or SEQ ID No. 33

except for one or more amino acid modifications at any one or more of the amino acid
residues defined in set 2 or set 4 or set 6 or set 7 (hereinafter defined) identified by
sequence alignment with SEQ ID No. 34.

Alternatively the variant lipid acyltransferase enzyme may be a variant enzyme
comprising an amino acid sequence, which amino acid sequence is shown as SEQ ID
No. 34, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7,
SEQ ID No. 8, SEQ ID No. 19, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, SEQ
ID No. 13, SEQ ID No. 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25, SEQ ID
No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, , SEQ ID
No. 32, or SEQ ID No. 33 except for one or more amino acid modifications at any one
or more of the amino acid residues defined in set 2 or set 4 or set 6 or set 7 identified
by said parent sequence being structurally aligned with the structural model of P10480
defined herein, which is preferably obtained by structural alignment of P10480 crystal
structure coordinates with 1IVN.PDB and/or 1 DEO.PDB as taught herein.

Alternatively, the variant lipid acyltransferase enzyme may be a variant enzyme
comprising an amino acid sequence, which amino acid sequence is shown as SEQ ID
No. 34, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7,
SEQ ID No. 8, SEQ ID No. 19, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, SEQ
ID No. 13, SEQ ID No. 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25, SEQ ID
No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, , SEQ ID
No. 32, or SEQ ID No. 33 except for one or more amino acid modifications at any one
or more of the amino acid residues taught in set 2 identified when said parent sequence

is aligned to the pfam consensus sequence (SEQ ID No. 2) and modified according to
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a structural model of P10480 to ensure best fit overlap (see Figure 30) as taught

hereinbelow. -

The term “modifying” as used herein means adding, substituting and/or deleting.
Preferably the term “modifying” means “substituting”.

For the avoidance of doubt, when an amino acid is substituted in the parent enzyme it
is preferably substituted with an amino acid which is different from that originally
found at that position in the parent enzyme thus to produce a variant enzyme. In other
words, the term “substitution™ is not intended to cover the replacement of an amino

acid with the same amino acid.

Preferably, the parent enzyme is an enzyme which comprises the amino acid sequence
shown as SEQ ID No. 34 and/or SEQ ID No. 15 and/or SEQ ID No. 35.

Preferably, the variant enzyme is an enzyme which comprises an amino acid sequence,
which amino acid sequence is shown as SEQ ID No. 34 or SEQ ID No. 35 except for
one or more amino acid modifications at any one or more of the amino acid residues

defined in set 2 or set 4 or set 6 orset 7.

In one embodiment, preferably the variant enzyme comprises one or more amino acid
modifications compared with the parent sequence at at least one of the amino acid

residues defined in set 4.

Suitably, the variant enzyme comprises one or more of the following amino acid
modifications compared with the parent enzyme:

S3E,A,G,K,M,Y,R,P,N, TorG

E309Q, R or A, preferably Q or R

-318Y, H, S or Y, preferably Y.

Preferably, X of the GDSX motif is L. Thus, preferably the parent enzyme comprises
the amino acid motif GDSL.
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Preferably the method of producing a variant lipid acyltransferase enzyme further
comprises one or more of the following steps:

1) structural homology mapping or

2) sequence homology alignment.

Suitably, the structural homology mapping may comprise one or more of the following

steps:

i) aligning a parent sequence with a structural model (1IVN.PDB) shown in
Figure 46;

ii) selecting one or more amino acid residue within a 10A sphere cenired on the
central carbon atom of the glycerol molecule in the active site (see Figure 47)
(such as one or more of the amino acid résidues defined in set 1 or set 2); and

iii)  modifying one or more amino acids selected in accordance with step (ii) in said

parent sequence.

Tn one embodiment the amino acid residue selected may reside within a 9, preferably
within a 8, 7,6, 5,4, or 3 A sphere centred on the central carbon atom of the glycerol
molecule in the active site (see Figure 47).

Suitably, the structural homology mapping may comprise one or more of the following

steps: '

1) aligning a parent sequence with a structural model (1IVN.PDB) shown in
Figure 46;

ii) selecting one or more amino acids within a 10A sphere centred on the central
carbon atom of the glycerol molecule in the active site (see Figure 47) (such as
one or more of the amino acid residues defined in set 1 or set 2);

iii)  determining if one or more amino acid residues selected in accordance with
step (ii) are highly conserved (particularly are active site residues and/or part of
the GDSx motif and/or part of the GANDY motif); and
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iv)  modifying one or more amino acids selected in accordance with step (ii),
excluding conserved regions identified in accordance with step (iii) in said

parent sequence.

In one embodiment the amino acid residue selected may reside within a 9, preferably
within a 8, 7, 6, 5, 4, or 3 A sphere centred on the central carbon atom of the glycerol

molecule in the active site (see Figure 47).

Alternatively to, or in combination with, the structural homology mapping described
above, the structural homology mapping can be performed by selecting specific loop
regions (LRs) or intervening regions (IVRs) derived from the pfam alignment
(Alignment 2, Figure 48) overlaid with the P10480 model and 1TVN. The loop regions
(LRs) or intervening regions (IVRs) are defined in the Table below:

P10480 amino acid positions (SEQ ID No

34)
IVR1 1-19
Loopl (LR1) 20-41
IVR2 42-76
Loop2 (LR2) 77-89
TVR3 "1 90-117
Loop3 (LR3) 118-127
TVR4 128-145
Loop4 (LR4) 146-176
IVRS 177-207
Loop5 (LR5) 208-287
IVR6 288-317

In some embodiments of the present invention the variant acyltransferase enzyme for
use in the methods and uses of the present invention not only comprises an amino acid

modifications at one or more of the amino acids defined in any one of sets 1-4 and 6-7,
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but also comprises at least one amino acid modification in one or more of the above
defined intervening regions (TVR1-6) (preferably in one or more of the IVRs 3,A5 and
6, more preferably in IVR 5 or IVR 6) and/or in one or more of the above-defined loop
regions (LR1-5) (preferably in one or more of LR1, LR2 or LRS, more preferably in
LRS).
\

In one embodiment, the variant acyltransferase for use in the methods and uses of the
present invention may comprise one or more amino acid modification which is not
only defined by one or more of set 2, 4, 6 and 7, but also is within one or more of the
IVRs 1-6 (preferably within TVR 3, 5 or 6, more preferably within in IVR 5 or IVR 6)
of within one or more of the LRs 1-5 (preferably within LR1, LR2 or LRS, more
preferably within LR5).

Suitably, the variant acyltransferase for use in the methods and uses of the present
invention may comprise one or more amino acid modification which is not only in set
1 or 2, but also is within IVR 3.

Suitably, the variant acyltransferase for use in the methods and uses of the present
invention may comprise one or more amino acid modification which is not only in set

1 or 2, but also is within IVR 5.

Suitably, the variant acyltransferase for use in the methods and uses of the present
invention may comprise one or more amino acid modification which is not only in set
1 or 2, but also is within TVR 6.

Suitably, the variant acyltransferase for use in the methods and uses of the present

invention may comprise one or more amino acid modification which is not only in set

‘1 or 2, but also is within LR 1.

Suitably, the variant acyltransferase for use in the methods and uses of the present
invention may comprise one or more amino acid modification which is not only in set

1 or 2, but also is within LR 2.
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Likewise, in some embodiments of the present invention the varjant acyltransferase
enzyme for use in the methods and uses of the present mvention not only comprises an
amino acid modification at one or more amino acid residues which reside within a 10,
preferably withina 9, 8,7, 6, 5, 4, or 3, A sphere centred on the central carbon atom of
the glycerol molecule in the active site (see Figure 47), but also comprises at least one
amino acid modification in one or more of the above defined intervening regions
(TVR1-6) (preferably in one or more of IVRs 3, 5 and 6, more preferably in IVR 5 or
IVR 6) and/or in one or more of the above-defined loop regions (LR1-5) (preferably in
one or more of LR1, LR2 or LR5, more preferably in LRS5).

In one embodiment, preferably the amino acid modification is at one or more amino

acid residues which reside within a 10A sphere and also within LRS5.

Thus, the structural homology mapping may comprise one or more of the following

steps: :
i) aligning a parent sequence with a structural model (1IVN.PDB) shown in
Figure 46;
i1) selecting one or more amino acid residue within a 10A sphere centred on

the central carbon atom of the glycerol molecule in the active site (see
Figure 47) (such as one or more of the amino acid residues defined in set 1
or set 2); and/or selecting one or more amino acid residues within IVR1-6)
(preferably within IVR 3, 5 or 6, more preferably within in IVR 5 or IVR
6); and/or selecting one or more amino acid residues within LR1-5
(preferably within LR1, LR2 or LR5, more preferably within LRS); and

iiiy  modifying one or more amino acids selected in accordance with step (ii) in

said parent sequence.

In one embodiment the amino acid residue selected may reside within a 9 A sphere,
preferably within an 8, 7, 6, 5, 4, or 3 A sphere centred on the central carbon atom of

the glycerol molecule in the active site (see Figure 47).
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Suitably, the structural homology mapping may comprise one or more of the following

steps:
i) aligning a parent sequence with a structural model (1IVN.PDB) shown in
Figure 46; A
i) selecting one or more amino acids within a 10A sphere centred on the

central carbon atom of the glycerol molecule in the active site (see Figure
47} (such as one or more of the amino acid residues defined in set 1 or set
2); and/or selecting one or more amino acid residues within IVR1-6)
(preferably within IVR 3, 5 or 6, more preferably within in IVR 5 or IVR
6); and/or selecting one or more amino acid residues within LR1-5
(preferably within LR1, LR2 or LRS, more preferably within LRS);

iii) determining if one or more amino acid residues selected in accordance with
step (ii) are highly conserved (particularly are active site residues and/or
part of the GDSx motif and/or part of the GANDY motif); and

modifying one or more amino acids selected in accordance with step (ii), excluding

conserved regions identified in accordance with step (iii) in said parent sequence.

Suitably, the one or more amino acids selected in the methods detailed above are not
only within a 10A sphere centred on the central carbon atom of the glycerol molecule
in the active site (see Figure 47) (such as one or more of the amino acid residues
defined in set 1 or set 2), but are also within one or more of the IVRs 1-6 (preferably
within IVR 3, 5 or 6, more preferably within in IVR 5 or IVR 6) or within one or more
of the LRs 1-5 (preferably within L.R1, LR2 or LR5, more preferably within LRS5).

In one embodiment, preferably the one or more amino acid modifications is/are within
LRS5. When it is the case that the modification(s) is within LRS5, the modification is
not one which is defined in set 5. Suitably, the one or more amino acid modifications
not only fall with the region defined by LR5, but also constitute an amino acid within

one or more of set 2, set 4, set 6 or set 7.

Suitably, the sequence homology alignment may comprise one or more of the
following steps:
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i) selecting a first ;;;nent lipid acyltransferase;

i) identifying a second related lipid acyltransferase having a desirable activity;

iii)  aligning said first parent lipid acyltransferase and the second related lipid
acyltransferase;

iv) identifying amino acid residues that differ between the two sequences; and

v) modifying one or more of the amino acid residues identified in accordance with

step (iv) in said parent lipid acyltransferase.

Suitably, the sequence homology alignment may comprise one or more of the

following steps: '

1) selecting a first parent lipid acyltransferase;

i1) identifying a second related lipid acyltransferase having a desirable activity;

iit) aligning said first parent lipid acyltransferase and the second related lipid
acyltransferase;

iv) identifying amino acid residues that differ between the two sequences;

v) determining if one or more amino acid residues selected in accordance with
step (iv) are highly conserved (particularly are active site residues and/or part
of the GDSx motif and/or part of the GANDY motif); and

vi)  modifying one or more of the amino acid residues identified in accordance with
step (iv) excluding conserved regions identified in accordance with step V) in

said parent sequence.

Suitably, said first parent lipid acyltransferase may comprise any one of the following
amino acid sequences: SEQ ID No. 34, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5,
SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 19, SEQ ID No. 10, SEQ
ID No. 11, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No. 14, SEQ ID No. 1, SEQ ID
No. 15, SEQ ID No. 25, SEQ ID No. 26, SEQ ID No. 27, SEQ ID Ne. 28, SEQ ID No.
29, SEQ ID No. 30, , SEQ ID No. 32 or SEQ ID No. 33.

Suitably, said second related lipid acyltransferase may comprise any one of the
following amino acid sequences: SEQ ID No. 3, SEQ ID No. 34, SEQ ID No. 4, SEQ
ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 19, SEQ ID No.
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10, SEQ ID No. 11, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No. 14, SEQ ID No. 1,
SEQ ID No. 15, SEQ ID No. 25, SEQ ID No. 26, SEQ ID No. 27, SEQ ID No. 28,
SEQ ID No. 29, SEQ ID No. 30, , SEQ ID No. 32 or SEQ ID No. 33.

The variant enzyme must comprise at least one amino acid modification compared
with the parent enzyme. In some embodiments, the variant enzyme may comprise at
least 2, preferably at least 3, preferably at least 4, preferably at leasf 5, preferably at
least 6, preferably at least 7, preferably at least 8, preferably at least 9, preferably at
Jeast 10 amino acid modifications compared with the parent enzyme.

‘When referring to specific amino acid residues herein the numbering is that obtained
from alignment of the variant sequence with the reference sequence shown as SEQ ID
No. 34 or SEQ ID No. 35.

In one aspect preferably the variant enzyme comprises one or more of the following

amino acid substitutions:

S3A,C,D,E,F,G,H LK L M N,P,QR, T,V, W, orY; and/or
L17A,C,D,E,F,G,H,L K, M,N,P,Q,R, S, T, V, W, or Y; and/or
S18A,C,D,E,F,H,LK,L,M,N,P,Q,R, T, W, or Y; and/or
K22A,C,D,EF,G,H,L L, M,N,P,Q,R, S, T, V, W, or Y; and/or
M23A,C,D,E, F,G,H,LK,L, N,P,Q,R,S, T, V,W, or Y; and/or
Y30A,C,D,E, G, H,LK,L,M,N,P,Q,R, S, T, V, or W; and/or
G40A,C,D,E,F,H,LK, L, M,N,P,Q,R, S, T, V, W, or Y; and/or
N80A,C,D,E,F,G,H,LX,L,M,P,Q,R, S, T, V, W, or Y; and/or
PSIA,C,D,E, F,G, H,LK,L,M,N,Q,R, S, T, V, W, or Y; and/or
K82A,C,D,E,F,G,H,I, L, M,N,P,Q,R, 8, T, V, W, or Y; and/or
N87A,C,D,E F,G,H,L K,L,M,P,Q,R, S, T, V, W, or Y; and/or
N88A,C,D,E, F,G,H,LK,L,M,P,Q,R, §,T, V, W, or Y; and/or
Wi111A,C,D,E,F,G, H, LK, L, M, N,P,Q, R, S, T, V, W or Y; and/or
V112A,C,D,E,F,G, B, K,L,M, N, P, Q, R, S, T, W, or Y; and/or
Al14C,D,E,F, G, B, LK,L,M,N, P, Q,R, S, T, V, W, or Y; and/or
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Y117A,C,D,E, F,G, H,LK,L,M,N,P,Q,R, S, T, V, or W; and/or
L118A,C,D,E F,G,H,LK,M,N,P,Q,R,S, T, V,W, or Y; and/or
P156A,C,D,E F,G,H, L, K,L,M,N,Q,R,S, T, V, W, or Y; and/or
D157A,C,E,F, G, H,LK,L,M,P,Q,R, S, T, V, W,or Y; and/or
G159A,C,D,E.F,H, LK, L, M,N,P,Q,R,S, T, V,W,orY; and/or
Q160A,C,D,E,F,G,H,LK. L, M, N,P,R,S, T, V, W, orY; and/or
N161A,C,D,E,F,G,H,LX,L,MP,Q,R,S,T,V, W, or Y; and/or
P162A,C,D,E,F,G,H,LX,L,M,N,Q,R,S, T, V, W, or Y; and/or
S163A,C,D,E F,G,H, LK, L, M,N,P,Q,R, T, V, W, or Y; and/or
A164C,D,E,F,G,H,LK,L, M,N,P,Q,R,S, T, V, W, or Y; and/or
R165A,C,D,E,F,G,H,LK,L,M,N,P,Q,S, T, V, W, or Y; and/or
S166A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, T, V, W, or Y; and/or
Q167A,C,D,E,F,G,H,LK,L,M,N,P,R,S,T,V,W,or Y; and/or
K168A,C,D,E, F,G,H, L L,M,N,P,Q,R,S, T, V,W, or Y; and/or
V169A,C,D,E F,G,H,LK, L,M,N,P,Q,R, S, T, W, or Y; and/or
V170A,C,D,E,F,G,H, LK, L,M,N,P,Q,R, $, T, W, or Y; and/or
E171A,C,D,F,G,H,LK,L,M,N,P,Q,R,S, T, V, W, or Y; and/or
Al172C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, V, W, or Y; and/or
Y179A,C,D,E,F,G, H,,K,L,M,N,P,Q,R, S, T, V, or W; and/or
H180A,C,D,E,F,G LK, L,M,P,Q,R, 8, T, V, W, or Y; and/or
Ni81A,C,D,E,F,G, H,LK,L,M,P,QR,S, T, V,W, or Y; and/or
Q182A,C,D,E,F,G,H,LK,L,M,N,P,R, S, T, V, W, or Y, preferably K; and/or
M209A, C, D, E, F,G,H, LK, L,N,P,Q,R,S, T, V, W, or Y; and/or
L210A,C,D,E,F,G, H,LXK,M,N,P,Q,R,S, T, V, W, or Y; and/or
R211A,C,D,E,F,G H,LK,L, M,N,P,QR,S,T,V, W, orY; and/or
N215A,C,D,E,F,G, H, LK, L,M,N,P,Q,R,S, T, V, W, or Y; and/or
Y226A,C,D,E, G H, LK, L,M,N,P,Q,R, S, T, V, or W; and/or
Y230A,C,D,E, G, H, K, L, M,N,P,Q, R, S, T, V or W; and/or
K284A,C,D,E,F,G,H,,L,M,N,P,Q,R, S, T, V, W, or Y; and/or
M285A,C,D,E, F,G, H,LK,L,N,P,Q,R, S, T, V, W, or Y; and/or
Q289A,C,D,E, F,G, H, LK, L, M,N,P,R,S,T,V, W, or Y; and/or
V290A,C,D,E,F,G,H, LK, L,M,N,P,QR,S, T, W,orY; and/or
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E309A,C,D, F,G,H,LK,L,M,N,P,Q,R, S, T, V, W, or Y; and/or

' 8310A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, T, V, W, or Y.

In addition or altematively thereto there may be one or more C-terminal extensions.
Preferably the additional C-terminal extension is comprised of one or more aliphatic
amino acids, preferably a non-polar amino acid, more preferably of I, L, V or G. Thus,
the present invention further provides for a variant enzyme comprising one or more of
the following C-terminal extensions: 318, 318L, 318V, 318G.

When it is the case that the residues in the parent backbone differ from those in
P10480 (SEQ ID No. 2), as determined by homology alignment and/or structural
alignment to P10480 and/or 1IVN, it may be desirable to replace the residues which
align to any one or more of the following amino acid residues in P10480 (SEQ ID No.
2): Ser3, Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn87, Asn88, Trplll,
Vall12, Alal14, Tyr117, Leul18, Pro156, Gly159, Gin160, Asnl61, Pro162, Ser163,
Alal64, Argl65, Ser166, Gin167, Lys168, Vall69, Val170, Glul71, Alal72, Tyr179,
His180, Asnl81, GIn182, Met209, Leu210, Arg211, Asn215, Lys284, Met285,
GIn289, Val290, Glu309 or Ser310, with the residue found in P10480 respectively.

Variant enzymes which have a decreased hydrolytic activity against a phospholipid,
such as phosphatidylcholine (PC), may also have an increased transferase activity from
a phospholipid.

Variants enzymes which have an increased transferase activity from a phospholipid,
such as phosphatidylcholine (PC), may also have an increased hydrolytic activity
against a phospholipid.

Suitably, one or more of the following sites may be involved in substrate binding:
Leul7; Alal14; Tyr179; His180; Asni81; Met209; Leu210; Arg211; Asn215; Lys284;
Met285; GIn289; Val290.
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1. Modification of one or more of the following residues may result in a variant

enzyme having an increased absolute transferase activity against phospholipid:

S3, D157, S310, E309, Y179, N215, K22, Q289, M23, H180, M209, L210, R211, P81,
V112, N80, L82, N88; N87

Specific modifications which may provide a variant enzyme having an improved
transferase activity from a phospholipid may be selected from one or more of the
following: |

S3A,C,D,E,F,G,H, LK, L,M,N,P,Q,R, T, V, Wor Y; preferably N, E, K, R, A,
P or M, most preferably S3A

D157A,C,E, F,G, H,LK,L,M,N,P,Q,R,S, T, V,Wor Y ; preferably D1 57S,R,
E,N,G,T,V,Q,KorC

S310A,C,D,E,F,G,H, LK, LLM,N,P,Q,R, T,V,WorY; preferably S310T
-318E

E309A,C,D,E,F,G,H,LK,L,M,N,P,Q,R, T, V, Wor Y; preferably E309 R, E,
L,RorA

Y179A,C,D,E, F,G,H,, K,L,M,N,P,Q,R,S, T, Vor W; preferably Y179 D, T,
E,R,N,V, K, QorS, more preferably E,R, N, V, KorQ
N215A,C,D,E,F,G,H,LK,L,M,P,Q,R,S, T, V, W or Y; preferably N215 S, L,
RorY

K22A,C,D,E,F,G, H,LL,M,N,P,Q,R,S, T, V, W or Y; preferably K22 E,R, C
orA

Q289A,C,D,E,F,G, H,LK,L,M,N, P, R, S, T,V, W or Y; preferably Q289 R, E,
G,PorN

M23A,C,D,E,F,G,H,LK,LN,P,QR,8,T,V,WorY; preferably M23 K, Q, L,
G,TorS

H180A,C,D,E,F,G, LK,L,M,P,Q,R,8,T,V,WorY; preferably H180 Q, R or K
M209 A,C,D,E,F,G,H,LK,L,N,P,QR,S,T,V,WorY; preferably M209 Q, S,
R,ANY,E VorLl

1210A,C,D,E,F,G,H,LK,M,N,P,Q,R,S,T,V,Wor Y; preferably L210R, A,
V,S, T, L WorM
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R211A,C,D,E,F,G,H,LK,L,M,N,P,Q, S, T, V, W or Y; preferably R211T
P81A,C,D,E F,G,H,LK,L,M,N,Q,R, S, T, V, W or Y; preferably P81G
VllZA, C,D,E,F,G,H,LK,L,M,N,P,Q,R, S, T, Wor Y; preferably V112C
N80A,C,D,E,F,G,H,LX,L,M,P,Q,R,S, T, V, Wor Y; preferably NSO R, G, N,
D,P,T,E,V,Aor G

182A,C,D,E,F,G,H, L, M,N,P,Q,R,S,T,V,WorY; pmfmbly L82N, SorE
N88A,C,D,E,F,G,H,LK,L,M,P,Q,R,S, T, V, WorY; preferably N88C
N87A,C,D,E,F,G,H,LX,L,M,P,Q,R,S, T, V, W or Y; preferably N87M or G

Modification of one or more of the following residues results in a variant enzyme

having an increased absolute transferase activity against phospholipid:

S3N,R, A, G
M23K,Q,L,G,T, S
H180R

L82G
Y179E,R,N,V,Kor Q
E309R,S,Lor A

One preferred modification is N80D. This is particularly the case when using the
reference sequence SEQ ID No. 35. Therefore in a preferred embodiment of the
present invention the lipid acyltransferase according to the present invention comprises

SEQ ID No. 35.

As noted above, when referring to specific amino acid residues herein the numbering
is that obtained from alignment of the variant sequence with the reference sequence
shown as SEQ ID No. 34 or SEQ ID No. 35

Much by preference, the lipid acyltransferase for use in the method and uses of the
present invention may be a lipid acyltransferase comprising the amino acid sequence
shown as SEQ ID No. 16 (Figure 10), or an amino acid sequence which has 75% or
more, preferably 85% or more, more preferably 90% or more, even more preferably
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95% or more, even more preferably 98% or more, or even more preferably 99% or

more identity to SEQ ID No. 16. This enzyme may be considered a vaniant enzyme.

“For the avoidance of doubt, when a particular amino acid is taught at a specific site, for

instance L118 for instance, this refers to the specific amino acid at residue number 118
in SEQ ID No. 34 unless otherwise stated. However, the amino acid residue at site
118 in a different parent enzyme may be different from leucine.

Thus, when taught to substitute an amino acid at residue 118, although reference may
be made to 1118 it would be readily understood by the skilled person that when the
parent enzyme is other than that shown in SEQ ID No. 34, the amino acid being
substituted may not be leucine. It is, therefore, possible that when substituting an
amino acid sequence in a parent enzyme which is not the enzyme having the amino
acid sequence shown as SEQ ID No. 34, the new (substituting) amino acid may be the
same as that taught in SEQ ID No. 34. This may be the case, for instance, where the
amino acid at say residue 118 is not leucine and is, therefore different from the amino .
acid at residue 118 in SEQ ID No. 34. In other words, at residue 118 for example, if
the parent enzyme has at that position an amino acid other than leucine, this amino

acid mdy be substituted with leucine in accordance with the present invention.

For the purposes of the present invention, the degree of identity is based on the number

oof sequence elements which are the same. The degree of identity in accordance with

the present invention may be suitably determined by means of computer programs
known in the art, such as GAP provided in the GCG program package (Program
Manual for the Wisconsin Paékage, Version 8, August 1994, Genetics Computer
Group, 575 Science Drive, Madison, Wisconsin, US53711) (Needleman & Wunsch
(1970), J. of Molecular Biology 48, 443-45) using the following settings for
polypeptide sequence comparison: GAP creation penalty of 3.0 and GAP extension
penalty of 0.1. Suitably, the degree of identity with regard to an amino acid sequence
is determined over at least 20 contiguous amino acids, preferably over at least 30

contiguous amino acids, preférably over at least 40 contiguous amino acids, preferably
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over at least 50 contiguous amino acids, preferably over at least 60 contiguous amino

acids.

Suitably, the lipid acyltransferase enzyme according to the present invention may be
obtainable, preferably obtained, from organisms from one or more of the following
genera: Aeromonas, Streptomyces, Saccharomyces, Lactococcus, Mycobacterium,

Streptococcus,  Lactobacillus, Desulfitobacterium, Bacillus, Campylobacter,

" . Vibrionaceae, Xyiella, Sulfolobus, Aspergillus, Schizosaccharomyces, Listeria,

10
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30

Neisseria, Mesorhizobium, Ralstonia, Xanthomonas, Candida, Thermobifida and
Corynebacterium.

Suitably, the lipid acyltransferase enzyme according to the present invention may be
obtainable, preferably obtained, from one or more of the following organisms:
Aeromonas hydrophila, Aeromonas salmonicida, Streptomyces coelicolor,
Streptomyces rimosus, Mycobacterium, Streptococcus pyogenes, Lactococcus lactis,
Streptococcus pyogenes, Streptococcus thermophilus, Streptomyces thermosacchari,
Streptomyces avermitilis Lactobacillus helveticus, Desulfitobacterium dehalogenans,
Bacillus sp, Campylobacter jejuni, Vibrionaceae, Xylella fastidiosé, Sulfolobus
solfataricus, Saccharomyces cerevisiae, Aspergillus terreus, Schizosaccharomyces
pombe, Listeria innocua, Listeria monocytogenes, Neisseria meningitidis,
Mesorhizobium loti, Ralstonia solanacearum, Xanthomonas campestris, Xanthomonas

axonopodis , Candida parapsilosis Thermobifida fusca and Corynebacterium efficiens.

In one aspect, preferably the lipid acyltransferase enzyme according to the present
invention is obtainable, preferably obtained, from one or more of Aeromonas

hydrophila or Aeromonas salmonicida.

In one embodiment suitably the sterol and/or stanol may comprise one or more of the

following structural features:

i) a 3-beta hydroxy group or a 3-alpha hydroxy group; and/or

i) A:B rings in the cis position or A:B rings in the trans position or C5-C6 is
unsaturated.
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Suitable sterol acyl acceptors include cholestero! and phytosterols, for example alpha-
sitostero}, beta-sitosterol, stigmasterol, ergosterol, campesterol, 5,6-dihydrosterol,
brassicasterol, alpha-spinasterol, beta-spinasterol, gamma-spinasterol, deltaspinasterol,
fucosterol, dimosterol, ascosterol, serebisterol, episterol, anasterol, hyposterol,
chondrillasterol, desmosterol, chalinosterol, poriferasterol, clionasterol, sterol
glycosides, tocopherol, tocotrienol and other natural or synthetic isomeric forms and

derivatives.

Advantageously, in one embodiment, the sterol acyl acceptor is tocopherol. Suitably
the tocopherol may be one or more of gamma, delta, beta or d-alpha tocopherol —
including d-alpha tocopherol acid succinate for example. In one embodiment,

preferably the sterol acyl acceptor is alpha-tocopherol.

In one embodiment, preferably the method according to the present invention includes

the step of adding tocopherol, preferably alpha-tecopherol, to the oil.
In one aspect, preferably the sterol acyl acceptor is cholesterol.

In one aspect, preferably the sterol and/or stanol acyl acceptor is a sterol and/or a

stanol other than cholesterol.

In one aspect of the present invention suitably more than one sterol and/or stanol may
act as the acyl acceptor, suitably more than two sterols and/or stanols may act as the
acyl acceptor. In other words, in one aspect of the present invention, suitably more
than one sterol ester and/or stanol ester may be produced. Suitably, when cholesterol
is the acyl acceptor one or more further sterols or one or more stanols may also act as
the acyl acceptor. Thus, in one aspect, the present invention provides a method for the
in situ production of both a tocopherol ester and at least one other sterol or stanol ester
in combination. In other words, the lipid acyltransferase for some aspects of the '
present invention may transfer an acyl group from a lipid to both tocopherol and at
least one further sterol and/or at least one stanol.
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In some aspects, the oil prepared in accordance with the present invention may be used

to reduce the risk of cardiovascular diseases.

In one aspect, the oil prepared in accordance with the present invention may be used to
reduce blood serum cholesterol and/or to reduce low density'lipoprotein. Blood seram
cholesterol and low density lipoproteins have both been associated with certain
diseases in humans, such as atherosclerosis and/or heaxw_' bisease for example. Thus, it
is envisaged that the oils prepared in accordance with 'rhe‘I present invention may be

used to reduce the nisk of such diseases.

In another aspect the present invention provides the use of an edible oil according to

- the present invention for use in the treatment and/or prevention of cardiovascular

diseases.

Thus, in one aspect the present invention provides the use of an edible oil according to
the present invention for use in the treatment and/or prevention of atherosclerosis

and/or heart disease.

In a further aspect, the present invention provides a medicament comprising an edible

oil according to the present invention.

In a further aspect, the present invention provides a method of treating and/or
preventing a disease in a human or animal patient which method comprising
administering to the patient an effective amount of an edible oil according to the

present invention.

Suitably the sterol acyl acceptor may be one which is naturally found in edible or
vegetable oils.

Alternatively, or in addition, the sterol acyl acceptor may be one which added to the
edible or vegetable oil.



WO 2006/008508 PCT/GB2605/002823

10

15

20

25

30

37

When it is the case that a sterol and/or a stanol is édded to the edible oil, the sterol
and/or stanol may be added before, simultaneously with, and/or after the addition of
the lipid acyltransferase according to the present invention. Suitably, the present
invention may encompass the addition of exogenous sterols/stanols, particularly
phytosterols/phytostanols, to an edible or vegetable oil prior to or simultaneously with
the addition of the enzyme according to the present invention.

For some aspects, one or more sterols present in the edible oil may be converted to one
or mofe stanols prior to or at the same time as the lipid acyltransferase is added
according to the present invention. Any suitable method for converting sterols to
stanols may be employed. For example, the conversion may be carried out by chemical
hydrogenation for example. The conversion may be conducted prior to the addition of
the lipid acyltransferase in accordance with the present invention or simultaneously
with the addition of the lipid acyltransferase in accordance with the present invention.

Suitably enzymes for the conversion of sterols to stanols are taught in WO00/061 771.

Suitably the present invention may be employed to produce phytostanol esters in situ
in an edible oil. Phytostanol esters have increased solubility through lipid membranes,
bioavailability and enhanced health benefits (see for example W092/99640).

An advantage of the present invention is that sterol and/or stanol esters are produced in
the edible oil during the degumming thereof. A further advantage is that enzyme is
degummed without an increase, or a substantial, increase, in the free fatty acid content
of the edible oil. The production of free fatty acids can be detrimental in the edible oil.
Preferably, the method according to the present invention results in the degumming of
an edible oil wherein the accumulation of free fatty acids is reduced and/or eliminated.
Without wishing to be bound by theory, in accordance with the present invention the
fatty acid which is removed from the lipid is transferred by the lipid acyltransferase to
an acyl acceptor, for example a sterol and/or a stanol. Thus, the overall level of free
fatty acids in the foodstuff does not increase or increases only to an insignificant

degree. This is in sharp contradistinction to the situation when phospholipases, such as
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Lecitase Ultra™ are used in enzymatic degumming of edible oils. In particular, the
use of such phospholipases can result in an increased amount of free fatty acid in the
edible oil, which can be detrimental. In accordance with the present invention, the
accumulation of free fatty acids is reduced and/or eliminated when compared with the
amount of free fatty acids which would have been accumulated had a phospholipase A
enzyme, such as Lecitase Ultra™, been used in place of the lipid acyltransferase in

accordance with the present invention.

A lipid acyl transferase according to the present invention may be suitable for use in
the enzymatic degumming of vegetable or edible oils. In processing of vegetable or
edible oil the edible or vegetable oil is treated with a lipid acyl transferase according to
the present invention so as to hydrolyse a major part of the phospholipid. Preferably,
the fatty acyl groups are transferred from the polar lipids to an acyl acceptor. The
degumming process typically results in the reduction of the content of the polar lipids,
particularly of phospholipids, in an edible oil due to hydrolysis of a major part (i.e.
more than 50%) of the phospholipid. Typically, the aqueous phase containing the
hydrolysed phospholipid is separated from the oil. Suitably, the edible or vegetable oil
may initially (pre-treatment with the enzyme according to the present invention) have
a phosphorus content of 50-250 ppm.

As the skilled person is aware, the term “degumming” as used herein means the
refining of oil by converting phosphatides (such as lecithin, phospholipids and
occluded oil) into hydratable phosphatides. Oil which has been degummed is more
fluid and thus has better handling properties than oil which has not been degummed.

The term “transferase” as used herein is interchangeable with the term “lipid

acyltransferase”.

Suitably, the lipid acyltransferase as defined herein catalyses one or more of the
following reactions: interesterification, transesterification, alcoholysis, hydrolysis.
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The term “interesterification” refers to the enzymatic catalysed transfer of acyl groups
between a lipid donor and lipid acceptor, wherein the lipid donor is not a free acyl

group.

The term “transesterification” as used herein means the enzymatic catalysed transfer of
an acyl group from a lipid donor (other than a free fatty acid) to an acyl acceptor (other

than water).

As used herein, the term “alcoholysis” refers to the enzymatic cleavage of a covalent
bond of an acid derivative by reaction with an alcohol ROH so that one of the products
combines with the H of the alcohol and the other product combines with the OR group
of the alcohol.

As used herein, the term “alcohol” refers to an alkyl compound containing a hydroxyl

group.

As used herein, the term “hydrolysis” refers to the enzymatic catalysed transfer of an
acyl group from a lipid to the OH group of a water molecule.

The term “without increasing or without substantially increasing the free fatty acids™
as used herein means that preferably the lipid acyl transferase according to the present
invention has 100% transferase activity (i.e. transfers 100% of the acyl groups from an
acyl donor onto the acyl acceptor, with no hydrolytic activity), however, the enzyme
may transfer less than 100% of the acyl groups present in the lipid acyl donor to the
acj/] acceptor. In which case, preferably the acyltransferase activity accounts for at
least 5%, more preferably at least 10%, more preferably 4t least 20%, more preferably
at least 30%, more preferably at least 40%, more preferably 50%, more preferably at
least 60%, more preferably at least 70%, more preferably at least 80%, more
preferably at least 90% and more preferably at least 98% of the total enzyme activity.
The % transferase activity (i.e. the transferase activity as a percentage of the total
enzymatic activity) may be determined by the following protocol:
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Enzyme suitable for use in the methods of the invention preferably have phospholipase
activity in a standard phospholipase activity assay taught hereinbelow.

Determination of phospholipase activity (phospholipase activity assay (PLU-7)):

Substrate »

0.6% L-a Phosphatidyicholine 95% Plant (Avanti #441601), 0.4% Triton-X 100
(Sigma X-100) and 5 mM CaCl, was dispersed in 0.05M HEPES buffer pH 7.
Assay procedure:

400 pL substrate was added to a 1.5 mL Eppendorf tube and placed in an Eppendorf
Thermomixer at 37°C for 5 minutes. At time = 0 min, 50 pL enzyme solution was
added. Also a blank with water instead of enzyme was analyzed. The sample was
mixed at 10x100 rpm in an Eppendorf Thermomixer at 37°C for 10 minutes. At time
t=10 min the Eppendorf tube was placed in another thermomixer at 99°C for 10
minutes to stop the reaction.

Free fatty acid in the samples was analyzed by using the NEFA C kit from WAKO
GmbH.

Enzyme activity PLU-7 at pH 7 was calculated as micromole fatty acid produced per

minute under assay conditions.

More preferably the lipid acyl-transferase will also have transferase activity as defined
by the protocol below: -

Protocol for the determination of % acyltransferase activity:

An edible 8il to which a lipid acyltransferase according to the present invention has
been added may be extracted following the enzymatic reaction with CHC13:CH30H
2:1 and the organic phase containing the lipid material is isolated and analysed by
GLC and HPLC according to the procedure detailed hereinbelow. From the GLC and
HPLC analyses the amount of free fatty acids and one or more of sterol/stanol esters;
are determined. A control edible oil to which no enzyme according to the present
invention has been added, is analysed in the same way.
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Calculation:

From the results of the GLC and HPLC analyses the increase in free fatty acids and
sterol/stanol esters can be calculated:

A % fatty acid = % Fatty acid(enzyme) - % faity acid(control); Mv fatty acid =
average molecular weight of the fatty acids;

A = A % sterol &eter/Mv sterol ester (where A % sterol ester = % sterol/stanol
ester(enzyme) - % sterol/stano] ester(control) and Mv sterol ester = average molecular

weight of the sterol/stanol esters);
The transferase activity is calculated as a percentage of the total eniymatic activity:

% transferase activity = A x100
A+A % fatty acid/(Mv fatty acid)

If the free fatty acids are increased in the edible oil they are preferably not increased
substantially, i.e. to a significant degree. By this we mean, that the increase in free
fatty acid does not adversely affect the quality of the edible oil.

The edible oil used for the acyltransferase activity assay is preferably the soya bean oil
supplemented with plant sterol (1%) and phosphatidylcholine (2%) oil using the
method in Example 3. For the assay the enzyme dosage used is preferably 0.2 PLU-7/g
oil, more preferably 0.08 PLU-7/g oﬂ. The level of phospholipid present in the oil
and/or the % conversion of sterol is preferably determined after 4 hours, more

preferably after 20 hours.

In some aspects of the present invention, the term “without substantially increasing
free fatty acids” as used herein means that the amount of free fatty acid in a edible oil
treated with an lipid acyltransferase according to the present invention is less than the
amount of free fatty acid produced in the edible oil when an enzyme other than a lipid
acyltransferase according to the present invention had been used, such as for example
as compared with the amount of free faity acid produced when a conventional
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phospholipase enzyme, e.g. Lecitase Ultra™ (Novozymes A/S, Denmark), had been

used.

In addition to, or instead of, assessing the % transferase activity in an oil (above), to
identify the lipid acyl transferase enzymes most preferable for use in the methods of
the invention the following assay entitled “Protocol for identifying lipid

acyltransferases for use in the present invention™ can be employed.
Protocol for identifying lipid acyltransferases

A lipid acyltransferase in accordance with the prcsenf invention is on which results in:

1) the removal of phospholipid present in a soya bean oil supplemented with
plant sterol (1%) and phosphatidylcholine (2%) oil using the method taught
in Example 3.

and/or

ii) the conversion (% conversion) of the added sterol to sterol-ester when
using the method taught in Example 3. The GLC method for determining
the level of sterol and sterol esters as taught in Example 5 may be used.

For the assay the enzyme dosage used may be 0.2 PLU-7/g oil, preferably 0.08 PLU-
7/g oil. The level of phospholipid present in the oil and/or the conversion (%
conversion) of sterol is preferably determined after 4 hours, more preferably after 20

hours.

In the protocol for identifying lipid acyl transferases, after enzymatic treatment, 5%
water is preferably added and thoroughly mixed with the oil. The oil is then separated
into an oil and water phase using centrifugation (see “Enzyme-catalyzed degumming
of vegetable oils” by Buchold, H. and Laurgi A.-G., Fett Wissenséhaﬁ Technologie
(1993), 95(8), 300-4, ISSN: 0931-5985), and the oil phase can then be analysed for
phosphorus content using the following protocol (“Assay for Phosphorus Content™):
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Assay for Phosphorus Content

The Jevel of phospholipid present in an oil after degumming is determined by first
preparing the oil sample according to the sample preparation taught in the AOAC
Official Method 999.10 (>Lead, Cadmium, Zinc, Copper, and Iron in Foods Atomic
Absorption Spectrophotometry after Microwave Digestion, First Action 1999 NMKL-
AOAC Method). The amount of phospholipids in the oil is then measured by
analysing the phosphorus content in the oil sample after degumming according to the
AOAC Official Method 985.01 (>Metals and Other Elements in Plants and Pet Foods
Inductively Coupled Plasma Spectroscopic Method First Action 1985 Final Action
1988).

The amount of phosphorus present in the oil after degumming is preferably less than
50 ppm, preferably less than 40ppm, preferably less than 30ppm, preferably less than
20ppm, preferably less than 10ppm, preferably less than Sppm. The oil after
degumming, as illustrated in the examples may be substantially free of phospholipid,
i.e. contain less than 1ppm phospholipid.

The % conversion of the sterol present in the oil is at least 1%, preferably at least 5%,
preferably at least 10%, preferably at least 20%, preferably at least 30%, preferably at
Jeast 40%, preferably at least 50%, preferably at least 60%, preferably at least 70%,
preferably at least 80%, preferably at least 90%, preferably at least 95%.

In one embodiment the % conversion of the sterol present in the oil is at least 5%,

preferably at least 20%.

Low Water Degumming

It has surprisingly been found that when a lipid acyl transferase is used in a process of
enzymatic degumming of an edible oil, the enzymatic degumming can be performed in
a very low water environment. Some water may still be required, for example when

adding the enzyme to the oil the enzyme may be added in small amount of water, such
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as less than 1%, preferably 0.5%, more preferably less than 0.2%, more preferably less
than 1%.

Preferably the water content of the edible oil in the processes and uses according to the
present invention is less than 1%, preferably less than 0.5%, more preferably less than
0.2%, more preferably less than 0.1%.

Thus, one advantage of the present invention is that when only a small amount of
water (i.e. <5%, preferably <1%, preferably <0.5%, preferably <0.2%) is used during
the enzymatic degumming the gums (i.e. the phosphorus containing portion) separates
from the oil, for example in the form of a solid precipitate. The solid precipitate can be
readily removed from the degummed oil by >methods such as simply decanting the oil
or removing or the gum by filtration for example.

This contrasts sharply with conventional enzymatic degumming processes in which a
significant amount of water is added to the oil. This is because in the conventional
enzymatic degumming processes post-degumming because of the high water content,
one obtains a water layer which comprises the phosphorus containing portion (for
example that portion comprising lysophospholipids). This water lay must be removed
and can be removed by centrifugation for example. However, the removal of the water
layer is significantly more difficult that the removal of the solid precipitate obtained

when using the process of the present invention.

Therefore the enzymatic degumming process according to the present invention could

be considered as a “low water degumming process”.

In one embodiment of the present invention, the gum may be removed by adjusting the
oil to 5% water foilowed by centrifugation of the oil. (see “Enzyme-catalyzed
degumming of vegetable oils” by Buchold, H. and Laurgi A.-G., Fett Wissenschaft
Technologie (1993), 95(8), 300-4).
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Therefore, the invention provides a process for the degumming of an edible oil, such
as a crude edible o1l (for example a crude soya oil), without the need for either a
prewashing step prior to degumming and/or a step of removing the water added during
degumming, which is required when using conventional phospholipases such as
pancreatic phospholipase and Lecitase Ultra™.

Preferably, the edible oil has a less than a 4.5% water content, more preferably less
than 4%, less than 3%, less than 2%, less than 1%, less than 0.5%.

Suitably, the edible oil may contain at least 0.1% water, such as at least 0.3%, 0.4% or
0.5%.

Preferred lipid acyltransferases for use in the present invention are identified as those
which have a high activity such as high phospholipid hydrolytic activity or high
phospholipid transferase activity on phospholipids in an oil environment,‘ most
preferably lipid acyl transferases for use in enzymatic degumming have a high
phospholipid to sterol transferase activity.

As detailed above, other acyl-transferases suitable for use in the methods of the
invention may be identified by identifying the presence of the GDSx, GANDY and
HPT blocks either by alignment ot; the pFamOO657 consensus sequence (SEQ ID No
1), and/or alignment to a GDSx acyltransferase, for example SEQ ID No 28. In order
to assess their suitability for degumming, i.e. identify those enzymes which have a
transferase activity of at least 5%, more preferably at least 10%, more preferably at
least 20%, more preferably at least 30%, more preferably at least 40%, more
preferably 50%, more preferably at least 60%, more preferably at least 70%, more
preferably at least 80%, more preferably at least 90% and more prefefably at least 98%
of the total enzyme activity, such acyltransferases are tested using the “Protocol for the
determination of % acyltransferase activity” assay detailed hereinabove.
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The present invention relates to the use of a lipid acyl transferase according to the
present invention in degumming edible vegetable oils and/or edible oils and to
methods for degumming edible or vegetable oils.

In one aspect, the present invention may provide a method comprising using a lipid
acyl transferase to remove the non-hydratable phosphorus (NHP) content in oil
comprising a relatively high amount of NHP.

The term “edible oil” as uses herein may encompass vegetable oils.

Preferably, the edible oil prior to treatment in accordance with the present invention
comprises a pon-hydratable phosphorus content of 50-250ppm, preferably at least 60
ppm, more preferably at least 100 ppm, and even more preferably at least 200 ppm,
even more preferably above 250ppm.

More preferably, the edible oil prior to treatment in accordance with the present
invention comprises a non-hydratable phosphorous content in the range of 60-500
ppm, more preferably in the range of 100-500 ppm, and even more preferably in the
range of 200-500 ppm.

An edible oil as referred to herein may be any oil having a relatively high amount of a
non-hydratable phosphorus, this may include water degummed oil, or more preferably

this is a crude-oil or a semi-crude oil.

In one aspect, the crude edible oil has, prior to carrying out the method of the
invention, a phosphorous content above 350 ppm, more preferably above 400 ppm,
even more preferably above 500 ppm, and most preferably above 600 ppm.

Oils encompassed by the method according to the present invention may include, but
are not limited to, one or more of soya bean oil, canola oil, corn oil, cottonseed oil,
palm oil, coconut oil, peanut oil, olive oil, safflower oil, palm kernel oil, rape seed oil

and sunflower oil.
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Preferably, the oil is one or more of soya bean oil, sunflower oil and rape seed oil

(sometimes referred to as canola oil).
More preferably, the oil is one or more of soya bean oil, sunflower oil or rape seed oil.
Most preferably, the oil is soya bean oil.

These oils may be.in the form of a crude oil, a semicrude oil, or a water-degummed

oil.

As used herein, “crude oil” (also referred to herein as a non-degummed oil) may be a
pressed or exiracted oil or a mixture thereof from e.g. rapeseed, soybean, or sunflower.
The phosphatide content in a crude oil may vary from 0.5-3% w/w corresponding

to a phosphorus content in the range of 200-1200 ppm, more preferably in the range of
250-1200 ppm. Apart from the phosphatides the crude oil also contains smatl
concentrations of carbohydrates, sugar compounds and metal/phosphatide acid
complexes of Ca, Mg and Fe.

As used herein, “serﬁicmde 0il” refers to any oil which is not a crude oil, but which
has a phosphatide content above 250 ppm, more preferably above 500 ppm. Such an
oil could e.g. be obtained by subjecting a crude oil to a process similar to the “water

degumming” process described below.

As used herein, “water-degummed oil” may be typically be obtained by a “water
degumming process” comprising mixing 1-3% w/w of hot water with warm (60-90°C)
crude oil. Usual treatment periods are 30-60 minutes. The water-degumming step
removes the phosphatides and mucilaginous gums which become insoluble in the oil
when hydrated. The hydrated phosphatides and gums can be separated from the oil by
setiling, filtration or centrifugation - centrifugation being the more prevalent practice.
The essential object in said water-degumming process is to separate the hydrated
phosphatides from the oil. The mixing of hot water into the oil, described above,
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should herein be understood broadly as mixing of an aqueous solution into the oil
according to standard water-degumming procedures in the art.

Advantageously, the method and uses of the present invention enable degumming of
edible oils in a low water (<5%, preferably less than 2%, more preferably less than
1%) environments, Therefore degumming can be performed with adding less water
than when using conventional enzymes. A further advantage of the present invention is
the production of sterol esters (in particular tocopherol esters) in the oil. A yet finther
advantage of the present invention is removal (preferably complete removal) of
phospholipids. A further advantage of the present invention is the removal (preferably
complete removal) of phospholipids without removal of phytosterol, and in particular
tocopherol. It is preferred that, due to the esterification of the phytosterol, there is no
significant removal of phytosterols such as tocopherol from the oil instead they are
simply esterified. However, in one embodiment the amount of phytosterol such as
tocopherol may be reduced. In such embodiments the absolute levels of phytosterol
such as tocopherol may be reduced by preferably no more than 10%, alternatively no
more than 25%, altematively no more than 50%, alternatively no more than 75%. A
yet farther advantage of the present invention is the removal (preferably complete
removal) of phospholipids without hydrolysis of triglycerides.

For the case of reference, these and further aspects of the present invention are now
discussed under appropriate séction headings. However, the teachings under each

section.are not necessarily limited to each particular section.

DEFINITION OF SETS
Amino acid set 1:

Amino acid set 1
Gly8, Asp9, Ser10, Lenll, Seri2, Tyr1s, Gly44, Asp45, Thr46, Glu69, Leu70, Gly71,

Gly72, Asn73, Asp74, Gly75, Leu76, GIn106, lle107, Argl08, Leul09, Prol10,
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Tyr113, Phel21, Phe139, Phel40, Met141, Tyr145, Met151, Asp154, His157, Glyl5S
1le156, Prol158

b

The highly conserved motifs, such as GDSx and catalytic residues, were deselected
from set 1 (residues underlined). For the avoidance of doubt, set 1 defines the amino
acid residues within 10A of the central carbon atom of a glycerol in the active site of
the 1IVN model.

Amino acid set 2:

Amino acid set 2 (note that the numbering of the amino acids refers to the amino acids
in the P10480 mature sequence)

Leul?, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn87, Asn88, Trpi1l, Valii2,
Alall4, Tyr117, Leul18, Pro156, Gly159, GIn160, Asn161, Pro162, Serl163, Alal64,
Argl65, Ser166, GIn167, Lys168, Vail69, Val170, Glul71, Alal72, Tyri79, His180,
Asnl81, Met209, Leu210, Arg211, Asn215, Lys284, Met285, GIn289 and Val290.

Table of selected residues in Set 1 compared with Set 2:

TVN model P10480
Mature sequence Residue
IVN A hyd homologue | Number

PFAM | Structure

Gly8 Gly32

Asp9 Asp33

Ser10 | Ser34

Leull |[Leu35 Leul?7

Serl2 | Ser36 Serl8
Lys22
Met23

Tyrl5 | Glys8 Gly40




WO 2006/008508
50
Gly44 | Asn98 Asn80
Asp45 | Pro99 Pro81
Thrd46 | Lys100 Lys82
Asn87
Asn88
Glu69 | Trp129 Trpl11
Leu70 | Vall30 Vall12
Gly71 | Glyl31
Gly72 | Alal32 Alall4
Asn73 | Asnl33
Asp74 | Aspl34
Gly75 | Tyr135 Tyr117
Len76 { Leul36 Leuli8
Gln106 Prol74 Prol56
Lle107 Gly177 Gly159
Argl08 GIn178 GIn160
Leul09 -Asnl79 Asnl6l
Prol110 180 to 190 | Pro162
Tyr113 Ser163
Alal64
Argl65
Ser166
Gln167
Lys168
Val169
Val170
Glul71
Alal72
Phel21 | His198 | Tyr197 Tyrt79
His198 His180
Asnl99 Asnl81

PCT/GB2003/002823
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Phel39 | Met227 - | Met209
Phel40 | Len228 Leu210
Met141 | Arg229 Arg211
Tyr145 | Asn233 Asn215

Lys284
Met151 | Met303 Met285
Aspl54 | Asp306
Gly155 | Gln307 GIn289
Ile156 } Val308 Val290
His157 | His309
Pro158 | Pro310

Amino acid set 3:

Amino acid set 3 is identical to set 2 but refers to the deromonas salmonicida (SEQ ID
No. 28) coding sequence, i.e. the amino acid residue numbers are 18 higher in set 3 as
this reflects the difference between the amino acid numbering in the mature protein
(SEQ ID No. 2) compared with the protein including a signal sequence (SEQ ID No.
28). ’

The mature proteins of Aeromonas salmonicida GDSX (SEQ ID No. 28) and
Aeromonas hydrophila GDSX (SEQ ID No. 26) differ in five amino acids. These are

. Thr3Ser, GIn182Lys, Glu309Ala, Ser310Asn, Gly318-, where the salmonicida residue

is listed first and the hydrophila residue is listed last (FIGURE 59). The hydrophila
protein is only 317 amino acids Jong and lacks a residue in position 318. The
Aeromonas salmonicidae GDSX has considerably high activity on polar lipids such as
‘galactolipid substrates than the Aeromonas hydrophila protein. Site scanning was

performed on all five amino acid positions.
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Amino acid set 4:

Amino acid set 4 is S3, Q182, E309, S310, and -318.

Amino acid set 5:

F13S, D15N, S18G, S18V, Y30F, D116N, D116E, D157 N, Y226F, D228N Y230F.
Amino acid set 6:

Amino acid set 6 is Ser3, Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn 87,
Asn88, Trpl111, Vall12, Alal14, Tyr117, Lenl18, Prol56, Gly159, GIn160, Asnl61l,
Pro162, Ser163, Alal64, Argl65, Ser166, GIn167, Lys168, Val169, Val170, Ghl71,
Ala172, Tyr179, His180, Asn181, Gln182, Met209, Leu210, Arg211, Asn215,
Lys284, Met285, GIn289, Val290, Glu309, Ser310, -318.

The numbering of the amino acids in set 6 refers to the amino acids residues in P10480
(SEQ ID No. 2) — corresponding amino acids in other sequence backbones can be
determined by homology alignment and/or structural alignment to P10480 and/or
1IVN,

Amino acid set 7:

Amino acid set 7 is Ser3, Leul7, Lys22, Met23, Gly40, Asn80, Pro81, Lys82, Asn 87,
Asn88, Trplll, Valil2, Alal14, Tyr117, Leut18, Pro156, Gly159, GIn160, Asn161,
Prol62, Ser163, Alal64, Argl65, Ser166, Gln167, Lys168, Vall69, Vall70, Glul71,
Alal72, Tyrl79, His180, Asnl181, Gin182, Met209, Leu210, Arg2ll, Asn215,
Lys284, Met285, GIn289, Val290, Glu309, Ser310, -318, Y30X (where X 1s selected
from A,C,D,E, G, H, LK,L,M, N,P, Q, R, S, T, V, or W), Y226X (where X is
selected from A, C, D, E, G,H, LK, L, M,N,P, Q,R, S, T, V, or W), Y230X (where
X is selected from A, C, D, E, G, H,L K,L, M, N, P, Q, R, §, T, V, or W), S18X
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(where X is selected from A, C, D, E,F,H,LK,L,M, N, P, Q, R, T, WorY), D157X
(where X is selected from A, C,E,F,G,H,LK,L,M,P,Q,R,S, T, V,WorY).

The numbering of the amino acids in set 7 refers to the amino acids residues in P10480
(SEQ ID No. 2) — corresponding amino acids in other sequence backbones can be
determined by homology alignment and/or structural alignment to P10480 and/or
1IVN).

ISOLATED

In one aspect, preferably the polypeptide or protein for use in the present invention is
in an isolated form. The term “isolated” means that the sequence is at least
substantially free from at least one other component with which the sequence is

naturally associated i in nature and as found in pature.
PURIFIED

In one aspect, preferably the polypeptide or protein for use in the present invention is
in a purified form. The term “purified” means that the sequence is in a relatively pure
stafe — e.g. at least about 51% pure, or at least about 75%, or at least about 80%, or at
least about 90% pure, or at least about 95% pure or at least about 98% pure.

CLONING A NUCLEOTIDE SEQUENCE ENCODING A POLYPEPTIDE
ACCORDING TO THE PRESENT INVENTION

A nucleotide sequence encoding either a polypeptide which has the specific properties
as defined herein or a polypeptide which is suitable for modification may be isolated
from any cell or organism producing said polypeptide. Various methods are well

known within the art for the isolation of nucleotide sequences.
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For example, a genomic DNA and/or cDNA library may be constructed using
chromosomal DNA or messenger RNA from the organism producing the polypeptide.
If the amino acid sequence of the polypeptide is known, 1abelled oligonucleotide
probes may be synthesised and used to identify polypeptide-encoding clones from the
genomic library prepared from the organism. Alternatively, a labelled oligonucleotide
probe containing sequenccs’homologous to apother known polypeptide gene could be
used to identify polypeptide-encoding clones. In the latter case, hybridisation and
“washing conditions of lower stringency are used.

Alternatively, polypeptide-encoding clones could be identified by inserting fragments
of genomic DNA into an expression vector, such as a plasmid, transforming enzyme-
negative bacteria with the resulting genomic DNA library, and then plating the
transformed bacteria onto agar containing an enzyme inhiﬁited by the polypeptide,
thereby allowing clones expressing the polypeptide to be identified.

In a yet further alternative, the nucleotide sequence encoding the polypeptide may be
prepared synthetically by established standard methods, e.g. the phosphoroamidite
method described by Beucage S.L. ef al (1981) Tetrahedron Letters 22, p 1859-1869,
or the method described by Matthes ez al (1984) EMBO 1. 3, p 801-805. In the
phosphoroamidite method, oligonucleotides are synthesised, e.g. in an automatic DNA
synthesiser, purified, annealed, ligated and cloned in appropriate vectors.

The nucleotide sequence may be of mixed genomic and synthetic origin, mixed
synthetic and cDNA origin, or mixed genomic and cDNA origin, prepared by ligating
fragments of synthetic, genomic or cDNA origin (as appropriate) in accordance with
standard techniques. Each ligated fragment corresponds to various parts of the entire
nucleotide sequence. The DNA sequence may also be prepared by polymerase chain
reaction (PCR) using specific primers, for instance as described in US 4,683,202 or in
Saiki R K et al (Science (1988) 239, pp 487-491).
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NUCLEOTIDE SEQUENCES

The present invention also encompasses nucleotide sequences encoding polypeptides
having the specific properties as defined herein. The term “nucleotide sequence” as used

“herein refers to an oligonucleotide sequence or polynucleotide sequence, and variant,

homologues, fragments and derivatives thereof (such as portions thereof). The nucleotide
sequence may be of genomic or synthetic or recombinant origin, which may be double-
stranded or single-stranded whether representing the sense or antisense strand.

The term "nucleotide sequence” in relation to the present invention includes genomic
DNA, cDNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably
cDNA for the coding sequence.

In a preferred embodiment, the nucleotide sequence per se encoding a polypeptide having
the specific properties as defined herein does not cover the native nucleotide éequcnce in
its natural environment when it is linked to its naturally associated sequence(s) that is/are
also in its/their natural environment. For ease of reference, we shall call this preferred
embodiment the “non-native nucleotide sequence”. In this regard, the term "native
nucleotide sequence” means an entire nucleotide sequence that is in its native
environment and when operatively linked to an entire promoter with which it is naturally
associated, which promoter is also in its native environment. Thus, the polypeptide of the
present invention can be expressed by a nucleotide sequence in its native organism but
wherein the nucleotide sequence is not under the control of the promoter with which it is
naturally associated within that organism.

Preferably the polypeptide is not a native polypeptide. In this regard, the term "native

polypeptide” means an entire polypeptide that is in its native environment and when it has

been expressed by its native nucleotide sequené&

Typically, the nucleotide sequence encoding polypeptides having the specific
properties as defined herein is prepared using recombinant DNA techniques (i.e.

recombinant DNA). However, in an alternative embodiment of the invention, the
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nucleotide sequence could be synthesised, in whole or in part, using chemical methods
well known in the art (see Caruthers MH et al (1980) Nuc Acids Res Symp Ser 215-23
and Horn T ez al (1980) Nuc Acids Res Symp Ser 225-232).

MOLECULAR EVOLUTION

Once an enzyme-encoding nucleotide sequence has been isolated, or a putative
enzyme-encoding nucleotide sequence has been identified, it may be desirable to
modify the selected nucleotide sequence, for example it may be desirable to mutate the

sequence in order to prepare an enzyme in accordance with the present invention.

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides
contain nucleotide sequences flanking the desired mutation sites.

A suitable method is disclosed in Morinaga ef al (Biotechnology (1984) 2, p646-649).
Another method of introducing mutations into enzyme-encoding nucleotide sequences
is described in Nelson and Long (Analytical Biochemistry (1989), 180, p 147-151).

Instead of site directed mutagenesis, such as described above, one can introduce
mutations randomly for instance using a comumercial kit such as thie GeneMorph PCR
mutagenesis kit from Stratagene, or the Diversify PCR random mutagenesis kit from
Clontech. EP 0 583 265 refers to methods of optimising PCR based mutagenesis,
which can also be combined with the use of mutagenic DNA analogues such as those
described in EP 0 866 796. Error prone PCR technologies are suitable for the
production of variants of lipid acyl transferases with preferred characteristics.

WO00206457 refers to molecular evolution of lipases.

" A third method to obtain novel sequences is to fragment non-identical oucleotide

sequences, either by using any number of restriction enzymes or an enzyme such as
Dhnase I, and reassembling full nucleotide sequences coding for functional proteins.
Alternatively one can use one or multiple non-identical nucleotide sequences and

introduce mutations during the reassembly of the full nucleotide sequence. DNA
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shuffling and family shuffling technologies are suitable for the production of variants
of lipid acyl transferases with preferred characteristics. Suitable methods for
performing 'shuffling’ can be found in EPO 752 008, EP1 138 763, EP1 103 606.
Shuffling can also be combined with other forms of DNA mutagenesis as described in

. US 6,180,406 and WO 01/34835.

Thus, it is possible to produce numerous site directed or random mutations into a
nucleotide sequence, either in vivo or in vitro, and to subsequently screen for improved
functionality of the encoded polypeptide by various means. Using in silico and exo
mediated recombination methods (see WO 00/58517, US 6,344,328, US 6,361,974),
for example, molecular evolution can be performed where the variant produced retains
very low homology to known enzymes or proteins. Such variants thereby obtained
may have significant structural analogy to known transferase enzymes, but have very

low amino acid sequence homology.

As a non-limiting example, in addition, mutations or natural variants of a
polynucleotide sequence can be recombined with either the wild type or other
mutations or natural variants to produce new variants. Such new variants can also be

screened for improved functionality of the encoded polypeptide.

The application of the above-mentioned and similar molecular evolution methods
allows the identification and selection of variants of the enzymes of the present
invention which have preferred characteristics without any prior knowledge of protein
structure or function, and allows the production of non-predictable but beneficial
mutations or variants. There are numerous examples of the application of molecular
evolution in the art for the optimisation or alteration of enzyme activity, such examples
include, but are not limited to one or more of the following: optimised expression
and/or activity in a host cell or in vitro, increased enzymatic activity, altered substrate
and/or product specificity, increased or decreased enzymatic or structural stability,
altered enzymatic activity/specificity in preferred environmental conditions, e.g.
temperature, pH, and/or substrate.
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As will be apparent to a person skilled in the art, using molecular evolution tools an
enzyme may be altered to improve the fimctionality of the enzyme.

Suitably, the lipid acyliransferase used in the invention may be a variant, i.e. may
contain at least one amino acid substitution, deletion or addition, when compared to a
parental enzyme. Variant enzymes retain at least 1%, 2%, 3%, 5%, 10%, 15%, 20%,
30%, 40%, 50 %, 60%, 70%, 80%, 90%, 95%, 97%, 99% homology with the parent
enzyme. Suitable parent enzymes may include any enzyme with esterase or lipase
activity. Preferably, the parent enzyme aligns to the pfam00657 consensus sequence.

in a preferable embodiment a variant lipid acyltransferase enzyme retains or
incorporates at least one or more of the pfam00657 consensus sequence amino acid
residues found in the GDSx, GANDY and HPT blocks.

Enzymes, such as lipases with no or low lipid acyltransferase activity in an aqueous
environment may be mutated using molecular evolution tools to introduce or enhance
the transferase activity, thereby producing a lipid acyltransferase enzyme with
significant transferase activity suitable for use in the compositions and methods of the

present invention.

Suitably, the lipid acylmsferase for use in the invention may be a variant with
enhanced enzyme activity phospholipids when compared to the parent enzyme.
Preferably, such variants also have low or no activity on lyso polar lipids. The
enhanced activity on phospholipids may be the result of hydrolysis and/or transferase
activity or a combination of both.

Variant lipid acyltransferases for use in the invention may have decreased activity on
triglycerides, and/or monoglycerides and/or diglycerides compared with the parent
enzyme.

Suitably the variant enzyme may have no activity on triglycerides and/or
monoglycerides and/or diglycerides.
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Alternatively, the variant enzyme for use in the invention may have increased activity
on triglycerides, and/or may also have increased activity on one or more of the

following, polar lipids, phospholipids, lecithin, phosphatidylcholine.

Variants of lipid acyltransferases are known, and one or more of such variants may be
suitable for use in the methods and uses according to the present invention and/or in
the enzyme compositions according to the present invention. By way of example only,
variants of lipid acyltransferases are described in the following references may be used
in accordance with the present invention: Hilton & Buckley J Biol. Chem. 1991 Jan
15: 266 (2): 997-1000; Robertson ef al J. Biol. Chem. 1994 Jan 21; 269(3):2146-50;
Brumlik et al J. Bacteriol 1996 Apr; 178 (7): 2060-4; Peelman ef al Protein Sci. 1998
Mar, 7(3):587-99.

AMINO ACID SEQUENCES

The present invention also encompasses amino acid sequences of polypeptides having

the specific properties as defined herein.

As used herein, the term “amino acid sequence” is synonymous with the term
“polypeptide” and/or the term “protein”. In some instances, the term “‘amino acid

sequence” is synonymous with the term “peptide”.

The amino acid sequence may be prepared/isolated from a suitable source, or it may be
made synthetically or it may be prepared by use of recombinant DNA techniques.

Suitably, the amino acid sequences may be obtained from the isolated polypeptides
taught herein by standard technicues.

One snitable method for determining amino acid sequences from isolated polypeptides

is as follows:
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Purified polypeptide may be freeze-dried and 100 pg of the freeze-dried material may
be dissolved in 50 pl of a mixture of 8 M urea and 0.4 M ammonium hydrogen
carbonate, pH 8.4. The dissolved protein may be denatured and reduced for 15 minutes
at 50°C following overlay with nitrogen and addition of 5 pl of 45 mM dithiothreitol.
After cooling to room temperature, 5 pi of 100 mM iodoacetamide may be added for
the cysteine residues to be derivatized for 15 minutes at room temperature in the dark

under nitrogen.

135 pl of water and 5 pg of endoproteinase Lys-C in 5 pl of water may be added to the
above reaction mixture and the digestion may be carried out at 37°C under nitrogen for
24 bours.

The resulting peptides may be separated by reverse phase HPLC on a VYDAC Cl 8
column (0.46x15cm;10pm; The Separation Group, California, USA) using solvent A:
0.1% TFA in water and solvent B: 0.1% TFA in acetonitrile. Selected peptides may be
re-chromatographed on a Develosil C18 column using the same solvent system, prior
to N-terminal sequencing. Sequencing may be done using an Applied Biosystems
476A sequencer using pulsed liquid fast cycles according to the manufacturer's
instructions (Applied Biosystetns, California, USA).

SEQUENCE IDENTITY OR SEQUENCE HOMOLOGY

The present invention also encompasses the use of sequences having a degree of
sequence identity or sequence homology with amino acid sequence(s) of a polypeptide
having the specific properties deﬁned herein or of any nucleotide sequence encoding
such a polypeptide (hereinafter referred to as a “homologous sequence(s)”). Here, the
term “homologue” means an entity having a certain homology with the subject amino
acid sequences and the subject nucleotide sequences. Here, the term “homology” can
be equated with “identity”.
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The homologous amino acid sequence and/or nucleotide sequence should provide
and/or encode a polypeptide which retains the functional activity and/or enhances the
activity of the enzyme.

In the present context, a homologous sequence is taken to include an amino acid
sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%
identical to the subject sequence. Typically, the homologues will comprise the same
active sites etc. as the subject amino acid sequence. Although homology can also be
considered in terms of similarity (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express

homology in terms of sequence identity.

In the present context, a homologous sequence is taken to include a nucleotide

sequence which may be at least 75, 85 or 90% identical, preferably at least 95 or 98%

identical to a nucleotide sequence encoding a polypeptide of the present invention (the

subject sequence). Typically, the homologues will comprise the same sequences that
code for the active sites etc. as the subject sequence. Although homology can also be
considered in terms of similarity (i.e. amino acid residues having similar chemical
properties/functions), in the context of the present invention it is preferred to express

homology in terms of sequence identity.

Homology comparisons can be conducted by eye, or more uvsually, with the aid of
readily available sequence comparison programs. These commercially available

computer programs can calculate % homology between two or Tnore sequences.

% homology may be calculated over contiguous sequences, i.e. one sequence 18
aligned with the other sequence and each amino acid in one sequence is directly
compared with the corresponding amino acid in the other sequence, one residue at a
time. This is called an “ungapped” alignment. Typically, such ungapped alignments

are performed only over a relatively short number of residues.
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e

Although this is a very simple and consistent method, it fails to take into consideration
that, for example, in an otherwise identical pair of sequences, one insertion or deletion
will cause the following amino acid residues to be put out of alignment, thus
potentially resulting in a large reduction in % homology when a global alignment is
pgrformei Consequently, most sequence comparison methods are designed to '
produce optimal alignments that take into consideration possible insertions and
deletions without penalising unduly the overall homology score. This is achieved by
inserting *“‘gaps” in the sequence alignment to fry to maximise local homology.

However, these more complex methods assign “gap penalties™ to each gap that occurs
in the alignment so that, for the same number of identical amino acids, a sequence
alignment with as few gaps as possible - reflecting higher relatedness between the two
compared sequences - will achieve a higher score than one with many gaps. “Affine
gap costs” are typically used that charge a relatively high cost for the existence of a
gap and a smaller penalty for each subsequent residue in the gap. This is the most
commonly used gap scoring system. High gap penalties will of course produce
optimised alignments with fewer gaps. Most alignment programs allow the gap
penalties to be modified. However, it is preferred to use the default values when using
such software for sequence comparisons. For example when using the GCG
Wisconsin Bestfit package the default gap penalty for amino acid sequences is -12 for

a gap and -4 for each extension.

Calculation of maximum % homology therefore firstly requires the production of an
optimal alignment, taking into consideration gap penalﬁes. A suitable computer
program for carrying out such an alignment is the GCG Wisconsin Bestfit package
(Devereux et al 1984 Nuc. Acids Research 12 p387). Examples of other software that
can perform sequence comparisons include, but are not limited to, the BLAST package
(see Ausubel et al 1999 Short Protocols in Molecular Biology, 4™ Ed - Chapter 18),
FASTA (Altschul ef al 1990 J. Mol. Biol. 403-410) and the GENEWORKS suite of
comparison tools. Both BLAST and FASTA are available for offline and online
searching (see Ausubel ez al 1999, pages 7-58 to 7-60). However, for some
applications, it is preferred to use the GCG Bestfit program. A new tool, called
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BLAST 2 Sequences is also available for comparing protein and nucleotide sequence
(see FEMS Microbiol Lett 1999 174(2): 247-50; FEMS Microbiol Lett 1999 177(1):
187-8 and tatiana@ncbi.nlm.nih.gov).

Although the final % homology can be measured in terms of identity, the alignmment
process itself is typically not based on an all-or-nothing pair comparison. Instead, a
scaled similarity score matrix is generally used that assigns scores to each pairwise
comparison based on chemical similarity or evolutionary distance. An example of
such a matrix commonly used is the BLOSUMG62 matrix - the default matrix for the
BLAST suite of programs. GCG Wisconsin programs generally use either the public
default vahues or a custom symbol comparison table if supplied (see user manual for
further details). For some applications, it is preferred to use the public default vatues
for the GCG package, or in the case of other software, the default matrix, such as
BLOSUMG62. '

Alternatively, percentage homologies may be calculated using the multiple alignment
feature in DNASIS™ (Hitachi Software), based on an algorithm, analogous to
CLUSTAL (Higgins DG & Sharp PM (1988), Gene 73(1), 237-244).

Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of

the sequence comparison and generates a numerical result.

In a preferable aspect of the present invention the following software and settings for
calculating percentage homology/identity are used. For amino acid sequences
percentage of identities (homology) or “positives” are calculated by the AlignX
VectorNTI (Vector NTI Advance 9.1 from Invitrogen Corporation, Carlsbad,
California, USA.), for each possible pair of amino acid sequences Settings are default
parameters (Gap opening penalty — 10, Gap extension penalty 0. 1).-

The sequences may also have deletions, insertions or substitutions of amino acid

residues which produce a silent change and result in a functionally equivalent
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substance. Deliberate amino acid substitutions may be made on the basis of similarity
in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic
nature of the residues as long as the secondary binding activity of the substance is
retained. For example, negatively charged amino acids include aspartic acid and
glutamic acid; positively charged amino acids include lysine and arginine; and amino
acids with uncharged polar head groups having similar hydrophilicity values include
lencine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine, threonine,

phenylalanine, and tyrosine.

Conservative substitutions may be made, for example according to the Table below.
Amino acids in the same block in the second column and preferably in the same line in
the third column may be substituted for each other:

ALIPHATIC Non-polar GAP
ILV
Polar — uncharged CSTM
NQ
Polar — charged DE

KR
AROMATIC HFWY

—

Theé present invention also encompasses homologous substitution (substitution and
replacement are both used herein to mean the interchange of an existing amino acid
residue, with an alternative residue) that may occur i.e. like-for-like substitution such
as basic for basic, acidic for acidic, polar for polar etc. Non-homologous substitution
may also occur i.e. from one class of residue to another or alternatively involving the
inclusion of unnatural amino acids such as ornithine (hereinafter referred to as Z),
diaminobutyric acid ornithine (hereinafier referred to as B), norleucine omithine
(hereinafter referred to as O), pyriylalanine, thienylalanine, naphthylalanine and
phenylglycine.
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Replacements may also be made by unnatural amino acids.

Variant amino acid sequences may include suitable spacer groups that may be inserted
between any two amino acid residues of the sequence including alkyl groups such as
methyl, ethyl or propy! groups in addition to amino acid spacers such as glycine or B-
alanine residues. A further form of variation, involves the presence of one or more
amino acid residues in peptoid form, will be well understood by those skilled in the art.
For the avoidance of doubt, “the pepioid form” is used to refer to variant amino acid
residues wherein the a-carbon substituent group is on the residue’s nitrogen atom
rather than the a-carbon. Processes for prepén'ng peptides in the peptoid form are
known in the art, for example Simon RJ et al., PNAS (1992) 89(20), 9367-9371 and
Horwell DC, Trends Biotechnol. (1995) 13(4), 132-134.

Nucleotide sequences for use in the present invention or encoding a polypeptide
having the specific properties defined herein may include within them synthetic or
modified nucleotides. A number of different types of modification to oligonucleotides
are known in the art. These include methylphosphonate and phosphorothioate
backbones and/or the addition of acridine or polylysine chains at the 3' and/or 5' ends
of the molecule. For the purposes of the present invention, it is to be understood that
the nucleotide sequences described herein may be modified by any method available in
the art. Such modifications may be carried out in order to enhance the in vivo activity

or life span of nucleotide sequences.

The present invention also encompasses the use of nucleotide sequences that are
complementary to the sequences discussed herein, or any derivative, fragment or
derivative thereof. If the sequence is complementary to a fragment thereof then that
sequence can be used as a probe to identify similar coding sequences in other

organisins etc.

Polynucleotides which are not 100% bomologous to the sequences of the present
invention but fall within the scope of the invention can be obtained in a number of ways.
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Other variants of the sequences described herein may be obtained for example by probing
DNA libraries made from a range of individuals, for example individuals from different
populations. In addition, other viralibacterial, or cellular homologues particularty cellilar
homologues found in mammalian cells (e.g. rat, mouse, bovine and primate cells), may
be obtained and such homologues and fragments thereof in general will be capable of
selectively hybridising to the sequences shown in the sequence listing herein. Such
sequences may be obtained by probing cDNA libraries made from or genomic DNA
libraries from other animal species, and probing such libraries with probes comprising all
or part of any one of the sequences in the attached sequence listings under conditions of
medium to high stringency. Similar considerations apply to obtaining species
homologues and allelic variants of the polypeptide or nucleotide sequences of the

nvention.

Variants and strain/species homologues may also be obtained using degenerate PCR
which will use primers designed to target sequences within the variants and homologues
encoding conserved amino acid sequences within the sequences of the present invention.
Conserved sequences can be predicted, for example, by aligning the amino acid
sequences from several variants/homologues. Sequence alignments can be performed
using computer software known in the ait. For example the GCG Wisconsin PileUp
program is widely used..

The primers used in degenerate PCR will contain one or more degenerate positions and
will be nsed af stringency conditions lower than those used for cloning sequences with
single sequence primers against known sequences.

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of
characterised sequences. This may be useful where for example silent codon sequence
changes are required to optimise codon preferences for a particular host cell in which the
polymucleotide sequences are being expressed. Other sequence changes may be desired
in order to introduce restriction polypeptide recognition sites, or to alter the property or
function of the polypeptides encoded by the polynucleotides.
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Polynucleotides (nucleotide sequences) of the invention may be used to produce a primer,
e.g. a PCR primer, a primer for an alternative a:ﬁpliﬁcation reaction, a probe e.g. labelled
with a revealing label by conventional means vsing radioactive or non-radioactive labels,
or the polynucleotides may be cloned into vectors. Such primers, probes and other
fragments will be at least 15, preferably at least 20, for example at least 25, 30 or 40
nucleotides in length, and are also encompassed by the term polymucleotides of the

mnvention as used herem.

Polymucleotides such as DNA polynucleotides and probes according to the invention may
be produced recombinantly, synthetically, or by any means available to those of skill in
the art. They may also be cloned by standard techniques.

In general, primers will be produced by synthetic means, involving a stepwisé.
manufacture of the desired nucleic acid sequence one nucleotide at 2 time. Techniques
for accomplishing this using automated techmiques are readily available in the art.

Longer polynucleotides will generally be produced using recombinant means, for
example using a PCR (polymerase chain reaction) cloning techniques. This will involve
making a pair of primers (e.g. of about 15 to 30 nucleotides) flanking a region of the lipid
targeting sequence which it is desired to clone, bringing the primels.into contact with
mRNA or cDNA obtained from an animal or human cell, performing a polymerase chain
reaction under conditions which bring about amplification of the desired region, isolating
the amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) and
recovering the amplified DNA. The primers may be designed to contain suitable
restriction enzyme recognition sites so that the amplified DNA can be cloned into 2
suitable cloning vector.

HYBRIDISATION

The present invention also encompasses sequences that are complementary to the

sequences of the present invention or sequences that are capable of hybridising either
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to the sequences of the present invention or to sequences that are complementary -

thereto.

The term “hybridisation” as used herein shall inciude “the process by which a strand of
pucleic acid joins with a complementary strand through base pairing” as well as the
process of amplification as carried out in polymerase chain reaction (PCR)
technologies.

The present invention also encompasses the use of nucleotide sequences that are
capable of hybridising to the sequences that are complementary to the subject

sequences discussed herein, or any derivative, fragment or derivative thereof.

The present invention also encompasses sequences that are complementary to

sequences that are capable of hybridising to the nucleotide sequences discussed herein.

Hybridisation conditions are based on the melting temperature (Tm) of the nucleotide

binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol. 152, Academic Press, San Diego CA), and
confer a defined "stringency” as explained below.

Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the
probe); high stringency at about 5°C to 10°C below Tm; intermediate stringency at
about 10°C to 20°C below Tm; and low stringency at about 20°C to 25°C below Tm.
As will be understood by those of skill in the art, a maximum stringency hybridisation
can be used to identify or detect identical nucleotide sequences while an intermediate
(or low) stringency hybridisation can be used to identify or detect similar or related
polynucleotide sequences.

Preferably, the present invention encompasses sequences that are cbmplementary to
sequences that are capable of hybridising under high stringency conditions or
intermediate stringency conditions to nucleotide sequences encoding polypeptides
haying the specific propeities as defined herein.
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More preferably, the present invention encompasses sequences that are complementary
to sequences that are capable of hybridising under high stringent conditions (e.g. 65°C
and 0.1x8SSC {1xSSC = 0.15 M NaCl, 0.015 M Na-citrate pH 7.0}) to nucleotide
sequences encoding polypeptides having the specific properties as defined herein.

The present invention also relates to nucleotide sequences that can hybridise to the

‘nucleotide sequences discussed herein (including complementary sequences of those

discussed herein).

The present invention also relates to nucleotide sequences that are complementary 6~ -
sequences that can hybridise to the nucleotide sequences discussed herein (including

complementary sequences of those discussed herein).

Also included within the scope of the present invention are polynucleotide sequences
that are capable of hybridising to the nucleotide sequences discussed herein under

conditions of intermediate to maximal stringency.

In a preferred aspect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequences discussed herein, or the complement thereof,

under stringent conditions (e.g. 50°C and 0.2xSSC).

In a more preferred aspect, the present invention covers nucleotide sequences that can
hybridise to the nucleotide sequences discussed herein, or the complement thereof,
under high stringent conditions (e.g. 65°C and 0.1xSSC).

EXPRESSION OF POLYPEPTIDES

A mucleotide sequence for use in the present invention or for encoding a polypeptide
having the specific properties as defined herein can be incorporated into a recombinant
replicable vector. The vector may be used to replicate and express the nucleotide
sequence, in polypeptide form, in and/or from a compatible host cell. Expression may
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be controlled using control sequences which include promoters/enhancers and other
expression regulation signals. Prokaryotic promoters and promoters functional in
eukaryotic cells may be used. Tissue specific or stimuli specific promoters may be
used. Chimeric promoters may also be used comprising sequence elements from two

or more different promoters described above.

The polypeptide produced by a host recombinant cell by expression of the nucleotide
sequence may be secreted or may be contained intracellularly depending on the
sequence and/or the vector used. The coding sequences can be designed with signal
sequences which direct secretion of the substance coding sequences through a
particular prokaryotic or eukaryotic cell membrane.

EXPRESSION VECTOR ~*~

The term "expression vector” means a construct capable of in vivo or in vitro expression.

Preferably, the expression vector is incorporated in the genome of the organism. The term
“incorporated” preferably covers stable incorporation into the genome.

The nucleotide sequence of the present invention or coding for a polypeptide having
the specific properties as defined herein may be present in a vector, in which the
nucleotide sequence is operably linked to regulatory sequences such that the regulatory
sequences are capable of providing the expression of the nucleotide sequence by a

suitable host organism, i.e. the vector is an expression vector.

The vectors of the present invention may be transformed into a suitable host cell as
_described below to provide for expression of a polypeptide having the specific
properties as defined herein.

The choice of vector, e.g. plasmid, cosmid, virus or phage vector, will often depend on
the host cell into which it is to be introduced..
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The vectors may contain one or more selectable marker genes — such as a gene which
confers antibiotic resistance e.g. ampicillin, kanamycin, chloramphenicol or tetracyclin

resistance. Aliernatively, the selection may be accomplished by co-transformation (as
described in W(091/17243).

Vectors may be used in vitro, for example for the production of RNA or used to
transfect or transform a host cell.

Thus, in a further embodiment, the invention provides a method of making nucleotide
sequences of the present invention or nucleotide sequences encoding polypepﬁdes
having the specific properties as defined herein by introducing a nucleotide sequence
into a replicable vector, introducing the vector into a compatible host cell, and growing

the host cell under conditions which bring about replication of the vector.

The vector may further comprise a nucleotide sequence enabling the vector to replicate
in the host cell in question. Examples of such sequences are the origins of replication
of plasmids pUC19, pACYC177, pUB110, pE194, pAMBI and plJ702.

REGULATORY SEQUENCES

In some applications, a nucleotide sequence for use in the present invention or a
nucleotide sequence encoding a polypeptide having the specific properties as defined
herein may be operably linked to a regulatory sequence which is capable of providing
for the expression of the nucleotide sequence, such as by the chosen host cell. By way
of example, the present invention covers a vector comprising the nucleotide sequence
of the present invention operably linked to such a regulatory sequence, i.e. the vector is

an expression vector.

The term "operably linked” refers to a juxtaposition wherein the components described
are in a relationship permitting them to finction in their intended manner. A
regulatory sequence "operably linked" to a coding sequence is ligated in such a way
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that expression of the coding sequence is achieved under conditions compatible with

the control sequences.

- The term “regulatory sequences” includes promoters and enhancers and other

expression regulation signals.

The term "promoter” is used in the normal sense of the art, e.g. an RNA polymerase
binding site.

Enhanced expression of the nucleotide sequence encoding the enzyme having the
specific properties as defined herein may also be achieved by the selection of
heterologous regulatory regions, e.g. promoter, secretion leader and terminator

regions.

Preferably, the nucleotide sequence of the present invention may be operably linked to at
least a promoter.

Examples of suitable promoters for directing the transcription of the nucleotide
sequence in a bacterial, fungal or yeast host are well known in the art.

CONSTRUCTS

The term "construct” - which is synonymous with terms such as "conjugate“,. "cassette”
and "hybrid” - includes a nucleotide sequence encoding a polypeptide having the specific
properties as defined herein for use according to the present invention directly or
indirectly attached to a promoter. An example of an indirect attachment is the provision
of a suitable spacer group such as an intron sequence, such as the Shi-intron or the ADH
intron, intermediate the promoter and the mcleotide sequence of the present invention.
The same is true for the term "fused" in relation to the present invention which includes
direct or indirect attachment. In some cases, the terms do not cover the natural
combination of the nucleotide sequence coding for the protein ordinarily associated with
the wild type gene promoter and when they are both in their natural environment.
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The construct may even contain or express a marker which allows for the selection of the

genetic construct.

For some applications, preferably the construct comprises at least a nucleotide
sequence of the present invention or a nucleotide sequence encoding a polypeptide

having the specific properties as defined herein operably linked to a promoter.
HOST CELLS

The term “host cell” - in relation to the present invention includes any cell that
comprises either a nucleotide sequence encoding a polypeptide having the specific
properties as defined herein or an expression vector as descn’bed above and which is
used in the recombinant production of a polypeptide having the specific propertics as
defined herein.

Thus, a further embodiment of the present invention provides host cells transformed or
transfected with a nucleotide sequence of the present invention or a nucleotide
sequence that expresses a polypeptide having the specific properties as defined herein.
The cells will be chosen to be compatible with the said vector and may for example be
prokaryotic (for example bacterial), fungal, yeast or plant cells. Preferably, the host

cells are not human cells.

Examples of suitable bacterial host organisms are gram negative bacterium or gram
positive bacteria.

Depending on the nature of the nucleotide sequence encoding a polypeptide having the
specific properties as defined herein, and/or the desirability for further processing of
the expressed protein, eukaryotic hosts such as yeasts or other fungi may be preferred.
In general, yeast cells are preferred over fungal cells because they are easier to

manipulate. However, some proteins are either poorly secreted from the yeast cell, or
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m some cases are not processed properly (e.g. hyperglycosylation in yeast). In these
instances, a different fungal host organism should be selected.

The use of suitable host cells, such as yeast, fungal and plant host cells — may provide
for post-translational modifications (e.g. myristoylation, glycosylation, truncation,
lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to
confer optimal biological activity on recombinant expression products of the present

invention.
The host cell may be a protease deficient or protease minus strain.
ORGANISM

The term "organism" in relation to the present invention includes any organism that
could comprise a nucleotide sequence according to the present invention or a
nucleotide sequence encoding for a polypeptide having the specific properties as
defined herein and/or products obtained therefrom.

Suitable organisms may include a prokaryote, fungus, yeast or a plant.

The term "transgenic organism” in relation to the present invention includes any
organism that comprises a nucleotide sequence coding for a polypeptide having the
specific properties as defined herein and/or the products obtained therefrom, and/or
wherein a promoter can allow expression of the nucleoctide sequence coding for a
polypeptide having the specific properties as defined herein within the organism.

Preferably the nucleotide sequence is incorporated in the genome of the organism.

The term “transgenic organism” does not cover native nucleotide coding sequences in
their natural environment when they are under the control of their native promoter

which is also in its natural environment.
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Therefore, the transgenic organism of the present invention includes an organiém
comprising any one of, or combinations of, a mucleotide sequence coding for a
polypeptide having the specific properties as defined herein, constructs as defined
herein, vectors as defined herein, plasmids as defined herein, cells as defined herein, or
the products thereof. For example the transgenic organism can also comprise a
nucleotide sequence coding for a polypeptide having the s;eciﬁc properties as defined

herein under the control of a heterologous promoter.
TRANSFORMATION OF HOST CELLS/ORGANISM

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism.
Examples of suitable prokaryotic hosts include E. coli and Bacillus subtilis.

In one embodiment the host cell is a bacteria, preferably a gram-positive bacteria,
preferably a host cell selected from Actinobacteria, such as Biofidobacteria and
Aeromonas, particularly preferably Aeromonas salmonicida. Still more preferred are
Actinomicetales such as Corynebacteria, in particular Corynebacterium glitamicum
and Nocardia. Particularly preferred are Streptomycetaceae, such as Streptomyces,

especially S. lividans.

A microbial host can be used for expression of the galactolipase gene, e.g. Eubacteria,
Archea or Fungi, including yeast. Preferred are Eubacteria, for example, Firmicutes
_ (low GC-Gram positive bacteria), such as Bacillus subtilis and other bacillus species,

lactic acid bacteria such as species of genera Lactobacillus and Lactococeus.

Also preferred are Gram-negative Proteobacteria, in particular Gammaproteobacteria,
such as host species belonging to the genera Pseudomonas, Xanthomonas, Citrobacter

and Escherichia, especially Escherichia coli.

Preferably the host species is a Gram positive expression host such as Aeromonas
salmonicida, Streptomyces lividans or Corynebacterivum glutamicum as detailed in GB
application number 0513859.9
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In another embodiment the host cell is the same genus as the native host species, i.e.
the recombinant gene 1s re-introduced and expressed in a species from the same genus

as the species from which the recombinant gene was isolated.

In another embodiment the host cell is the native host species, i.e. the recombinant
gene is re-introduced and expressed in the same species from which the recombinant

gene was isolated.

Teachings on the transformation of prokaryotic hosts is well documented in the art, for
example see Sambrook et al (Molecular Cloning: A Laboratory Manual, 2nd edition,
1989, Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the
mucleotide sequence may need to be suitably modified before transformation - such as

by removal of introns.
In another embodiment the transgenic organism can be a yeast.

Filamentous fungi cells may be transformed using various methods known in the art —
such as a process involving protoplast formation and transformation of the protoplasts
followed by regeneration of the cell wall in a manner known. The use of Aspergillus

as a host microorganism is described in EP 0 238 023.

Another host organism can be a plant. A review of the general techniques used for
transforming plants may be found in articles by Potrykus (4nnu Rev Plant Physiol
Plant Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech
March/April 1994 17-27). Further teachings on plant transformation may be found in
EP-A-0449375.

General teachings on the transformation of fungi, yeasts and plants are presented in

following sections.
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TRANSFORMED FUNGUS

A host organism may be a fungus - such as a filamentous fungus. Examples of suitable
such hosts include any member belonging to the genera Thermomyces, Acremonium,

Aspergillus, Penicillium, Mucor, Neurospora, Trichoderma and the like.

Teachings on transforming filamentous fungi are reviewed in US-A-5741665 which
states that standard techniques for transformation of filamentous fungi and culturing
the fungi are well known in the art. An extensive review of techniques as applied to N.
crassa is found, for example in Davis and de Serres, Methods Enzymol (1971) 17A:
79-143.

Further teachings on transforming filamentous fungi are reviewed in US-A-5674707.

In one aspect, the host organism can be of the genus Aspergillus, such as Aspergillus

niger.

A transgenic 4spergillus according to the present invention can also be prepared by
following, for example, the teachings of Turner G. 1994 (Vectors for genetic
manipulation. In: Martinelli $.D., Kinghorn J.R.( Editors) Aspergillus: 50 years on.
Progress in industrial microbiology vol 29. Elsevier Amsterdam 1994. pp. 641-666).

Gene expression in filamentous fungi has been reviewed in Punt e? al. (2002) Trends
Biotechnol 2002 May;20(5):200-6, Archer & Peberdy Crit Rev Biotechnol (1997)
17(4):273-306.

TRANSFORMED YEAST

In another embodiment, the transgenic organism can be a yeast.

PCT/GB2005/002823
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A review of the principles of heterologous gene expression in yeast are provided in, for
example, Methods Mol Biol (1995), 49:341-54, and Curr Opin Biotechnol (1997)
Oct;8(5):554-60

In this regard, yeast — such as the species Saccharomyces cerevisi or Pichia pastoris (see
FEMS Microbiol Rev (2000 24(1):45-66), may be used as a vehicle for heterologous

gene expression,

A review of the principles of heterologous gene expression in Saccharomyces cerevisige
and secretion of gene products is given by E Hincheliffe E Kenny (1993, "Yeast asa
vehicle for the expression of heterologous genes®, Yeasts, Vol 5, Anthony H Rose and

J Stuart Harrison, eds, 2nd edition, Academic Press Lid.).

For the transformation of yeast, several transformation protocols have been developed.
For example, a transgenic Saccharomyces according to the present invention can be
prepared by following the teachings of Hinnen et al., (1978, Proceedings of the National
Academy of Sciences of the USA 75, 1929); Beggs, 1 D (1978, Nature, London, 275,
104); and Ito, H et al (1983, J Bacteriology 153, 163-168).

The transformed yeast cells may be selected using various selective markers — such as

amcotrophic markers dominant antibiotic resistance markers.

A suitable yeast host organism can be selected from the biotechnologically relevant
yeasts species such as, but not limited to, yeast species selected from Pichia spp.,
Hansenula spp., Kluyveromyces, Yarrowinia spp., Saccharomyces spp., including S.

cerevisiae, or Schizosaccharomyce spp. including Schizosaccharomyce pombe.

A strain of the methylotrophic yeast species Pichia pastoris may be used as the host

organism.

In one embodiment, the host organism may be a Hansenula species, such as H.
polymorpha (as described in W0O01/39544).
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TRANSFORMED PLANTS/PLANT CELLS

A host orgamsm suitable for the present invention may be a plant. A review of the
general techniques may be found in articles by Potrykus (4Annu Rev Plant Physiol Plant
Mol Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech March/Apnil
1994 17-27), or in WO01/16308.

SECRETION

Often, it is desirable for the polypeptide to be secreted from the expression host into

-the culture medium from where the enzyme may be more easily recovered. According

to the present invention, the secretion leader sequence may be selected on the basis of
the desired expression host. Hybrid signal sequences may also be used with the

context of the present invention.

Typical examples of heterologous secretion leader sequences are those originating
from the fungal amyloglucosidase (AG) gene (glaA - both 18 and 24 amino acid
versions e.g. from Aspergillus), the a-factor gene (yeasts e.g. Saccharomyces,

Kluyveromyces and Hansenula) or the a-amylase gene (Bacillus).
DETECTION

A variety of protocols for detecting and measuring the expression of the amino acid
sequence are known in the art. Examples include enzyme-linked immunosorbent
assay (ELISA), radioimmunoassay (RIA) and fluorescent activated cell sorting
(FACS).

A wide variety of labels and conjugation techniques are known by those skilled in the

art and can be used in various nucleic and amino acid assays.
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A mumber of companies such as Pharmacia Biotech (Piscataway, NJ), Promega -
(Madison, WI), and US Biochemical Corp (Cleveland, OH) supply commercial kits
and protocols for these procedures.

Suitable reporter molecules or labels include those radionuclides, enzymes,

fluorescent, chemiluminescent, or chromogenic agents as well as substraes, cofactors,
inhibitors, magnetic particles and the like. Patents teaching the use of such labels
include US-A-3,817,837; US-A-3,850,752; US-A-3,939,350; US-A-3,996,345; US-A--
4,277,437; US-A-4,275,149 and US-A-4,366,241.

Also, recombinant immunoglobulins may be produced as shown in US-A-4,816,567.

FUSION PROTEINS

A polypeptide having the épeciﬁc properties as defined herein may be produced as a
fusion protein, for example to aid in extraction and purification thereof. Examples of
fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 (DNA
binding and/or transcriptional activation domains) and B-galactosidase. It may also be
convenient to include a proteolytic cleavage site between the fusion protein partner
and the protein sequence of interest to allow removal of fusion protein sequences.

Preferably the fusion protein will not hinder the activity of the protein sequence.

Gene fusion expression systems in E. coli have been reviewed in Curr. Opin.
Biotechnol. (1995) 6(5):501-6.

In another embodiment of the invention, the amino acid sequence of a polypeptide
having the speciﬁc properties as defined herein may be ligated to a heterologous
sequence to encode a fusion protein. For example, for screening of peptide libraries for
agents capable of affecting the substance activity, it may be useful to encode a
chimeric substance expressing a heterologous epitope that is recognised by a
commercially available antibody.
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The invention will iow be described, by way of example only, with reference to the
following figures and examples.

Figure 1 shows the profile of the lipid acyltransferase activity (PNP-caprylate assay)
obtained after anion exchange chromatography (IEC);

Figure 2 shows the results of SDS-PAGE analyses of purified the lipid acyltransferase
fractions (4-12% Mes, +DTT, 40/10 ul sample was applied to the gel):

Lane 1. Lipid acyltransferase sample after desalﬁng, 40 pl was applied to the gel
Lane 2. Lipid acyltransferase sample after desalting, 10 pl was applied to the gel
Lane 3. Purified Lipid acyltransferase lipase after IEC (pool 27-39), 40 pl was applied
to the gel

Lane 4. Purified Lipid acyltransferase lipase after IEC (pool 27-39, 10 pl was applied
to the gel;

Figure 3 shows a TLC (Solvent 4) of reaction products from the lipid acyltransferase
treatment of soya bean oil samples according to Table 2. As a reference
phosphatidylcholine (PC) was also analysed;

Figure 4 shows a TLC (Solvent 1) of reaction products from the lipid acyltransferase
treatment of soya bean oil samples according fo Table 2. As reference free fatty acid
(FFA) and Mono-di-triglyceride (TR/DYMONO) were also analysed;

Figure 5 shows a TLC (Solvent 5) of reaction products from the lipid acyitransferase
treatment of soya bean oil samples according to Table 2. As reference Cholesterol
(CHL) and Cholesterolester (CHL-ester) were also analysed;

Figure 6 shows a TLC (Solvent 4) of reaction products from the lipid acyltransferase
or Lecitase Ultra™ treatment of soya bean oil samples according to Table 3 for 20

hours;
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Figure 7 shows a TLC (Solvent 5) of reaction products from the lipid acyltransferase
or Lecitase Ultra™ treatment of soya bean oil samples according to Table 3 for 20
hours. Cholesterol ester (CHL ester); Mono-di-Triglyceride(MONO/DY/TRI) and
plant sterol were also analysed as references. Identification of free fatty acid (FFA) is
also indicated;

Figure 8 shows a TLC (Solvent 4) of reaction products from the lipid acyltransferase
or Lecitase Ultra™ treatment of soya bean oil samples according to Table 3 for 4
hours;

Figure 9 shows a TLC (Solvent 5) of reaction products from the lipid acyltransferase
or Lecitase Ultra™ treatment of soya bean oil samples according to Table 3 for 4
hours. Cholesterol ester (CHL ester); Mono-di-Triglyceride (MONO/DI/TRI) and
plant sterol were also analysed as references. Identification of free fatty acid (FFA) is
also indicated;

Figure 10 shows the amino acid sequence of a mutant Aeromonas salmonicida mature
lipid acyltransferase (GCAT) with a mutation of Asn80Asp (notably, amino acid 80 is

in the mature sequence);

Figure 11 shows an amino acid sequence (SEQ ID No. 1) a lipid acyl transferase from
Aeromonas hydrophila (ATCC #7965);

Figure 12 shows a pfam00657 consensus sequence from database version 6 (SEQ ID
No. 2);

Figure 13 shows an amino acid sequence (SEQ ID No. 3) obtained from the organism
Aeromonas hydrophila (P10480; GI1:121051);

Figure 14 shows an amino acid sequence (SEQ ID No. 4) obtained from the organism
Aeromonas salmonicida (AAG098404; G1:9964017);
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Figure 15 shows an amino acid sequence (SEQ ID No. 5) obtained from the organism
Streptontyces coelicolor A3(2) (Genbank accession pumber NP_631558);

Figure 16 shows an amino acid sequence (SEQ ID No. 6) obtained from the organism
Streptomyces coelicolor A3(2) (Genbank accession number: CAC42140);

Figure 17 shows an amino acid sequence (SEQ ID No. 7) obtained from the organism

Saccharomyces cerevisiae (Genbank accession pumber P41734);

Figure 18 shows an amino acid sequence (SEQ ID No. 8) obtained from the organism
Ralstonia (Genbank accession number: AL646052);

Figure 19 shows SEQ ID No. 9. Scoel NCBI protein accession code CAB39707.1
GI:4539178 conserved hypothetical protein [Streptomyces coelicolor A3

Figure 20 shows an amino acid shown as SEQ ID No. 10. Scoe2 NCBI protein
accession code CAC01477.1 GI1:9716139 conserved hypothetical protein
[Streptomyces coelicolor A3(2)];

Figure 21 shows an amino acid sequence (SEQ ID No. 11) Scoe3 NCBI protein
accession code CAB88833.1 GI:7635996 putative secreted protein. {Streptomyces
coelicolor A3(2)};

Figure 22 shows an amino acid sequence (SEQ ID No. 12) Scoe4 NCBI protein
accession code CAB89450.1 GI:7672261 putative secreted protein. [Streptomyces
coelicolor A3(2)];

Figure 23 shows an amino acid sequence (SEQ ID No. 13) Scoe5 NCBI protein
accession code CAB62724.1 GI:6562793 putative lipoprotein [Streptomyces
coelic_olor A3(2)};
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Figure 24 shows an amino acid sequence (SEQ ID No. 14) Srim1 NCBI protein
accession code AAK84028.1 GI:15082088 GDSL-lipase [Streptomyces rimosus};

Figure 25 shows an amino acid sequencé (SEQ ID No. 15) of a lipid acyltransferase
from Aeromonas salmonicida subsp. Salmonicida (ATCC#14174), ‘

Figure 26 shows a TLC (solvent 4) of sample 1 to 10 of crude soya oil treated 20 hours
with enzymes according to Table 4. PC is phosphatidylcholine added in 5 different

concentrations (reference material).

Figure 27 shows a TLC (Solvent 5) of reaction products from lipid acyl transferase or
Lecitase Ultra™ treatment of crude soya oil samples according to Table 4 (20 -hours).
Cholesterol ester (CHL-ester), Mono-di-Triglyceride (MONO/DI/TRI), and plant

sterol were also analysed as references. Identification of free fatty acid is also

indicated.

Figure 28 shows SEQ ID No 17 -which is the amino acid sequence of a lipid
acyltransferase from Candida parapsilosis;

Figure 29 shows SEQ ID No-18 which is the amino acid sequence of a lipid
acyltransferase from Candida parapsilosis;

Figure 30 shows alignment 1;

Figure 31 shows SEQ ID No. 19. Scoel NCBI protein accession code CAB39707.1
GI:4539178 conserved hypothetical protein [Streptomyces coelicolor A3(2)];

Figure 32 shows an amino acid sequence (SEQ ID No. 25) of the fusion construct used
for mutagenesis of the Aeromonas hydrophila lipid acyltransferase gene.. The
underlined amino acids is a xylanase signal peptide;
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Figure 33 shows a po]ypei)ﬁde sequence of a lipid acyltransferase enzyme from
Streptomyces (SEQ ID No. 26);

Figure 34 shows a polypeptide sequence of a lipid acyltransferase enzyme from
Thermobifida (SEQ ID No. 27);

Figure 35 shows a polypeptide sequence of a lipid acyltransferase enzyme from
Thermobifida_(SEQ ID No. 28);

Figure 36 shows a polypeptide of a lipid acyltransferase enzyme from
Corynebacterium efficiens GDSx 300 amino acid (SEQ ID No. 29);

.Figm'e 37 shows a polypeptide of a lipid acyliransferase enzyme from
Novosphingobium aromaticivorans GDSx 284 amino acid (SEQ ID No. 30);

Figure 38 shows a polypeptide of a lipid acyltransferase enzyme from Streptomyces
coelicolor GDSx 269 aa (SEQ ID No. 31)

Figure 39 shows a polypeptide of a 'lipid acyltransferase enzyme from Streptonmyces
avermitilis \ GDSx 269 amino acid (SEQ ID No. 32);

Figure 40 shows a polypeptide of a lipid acyltransferase enzyme from Streptomyces
(SEQ ID No. 33);

Figure 41 shows a ribbon representation of the 1IVN.PDB crystal structure which has
glycerol in the active site. The Figure was made using the Deep View Swiss-PDB

viewer;

Figure 42 shows 1IVN.PDB Crystal Slméture ~ Side View using Deep View Swiss-

. PDB viewer, with glycerol in active site - residues within 10A of active site glycerol

are coloured black;
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Figure 43 shows alignment 2;

Figure 44 shows an amino acid sequence (SEQ ID No. 34) obtained from the organism
Aeromonas hydrophila (P10480; G1:121051) (notably, this is the mature sequence).

Figure 45 shows the amino acid sequence (SEQ ID No. 35) of a mutant Aeromonas
salmonicida mature lipid acyliransferase (GCAT) (notably, this is the mature
sequence)

Figure 46 shows a nucleotide sequence (SEQ ID No. 36) from Streptomyces

thermosacchari

Figure 47 shows an amino acid sequence (SEQ ID No. 37) from Streptomyces

thermosacchari

Figure 48 shows an amino acid sequence (SEQ ID No. 38) from Thermobifida
fusca/lGDSx 548 amino acid

Figure 49 shows a nucleotide sequence (SEQ ID No. 39) from Thermobifida fusca

Figure 50 shows an amino acid sequence (SEQ ID No. 40) from Thermobifida
Jfusca/GDSx

Figure 51 shows an amino acid sequence (SEQ ID No. 41) from Corynebacterium
efficiens/GDSx 300 amino acid

Figure 52 shows a nucleotide sequence (SEQ ID No. 42) from Corynebacterium

efficiens

Figure 53 shows an amino acid sequence (SEQ ID No. 43) from S. coelicolor/ GDSx

268 amino acid
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Figure 54 shows a nucleotide sequence (SEQ ID No. 44) from S. coelicolor
Figure 55 shows an amino acid sequence (SEQ ID No. 45) from S. avermitilis

Figure 56 shows a nucleotide sequence (SEQ ID No. 46) from S. avermitilis

Figure 57 shows an amino acid sequence (SEQ ID No. 47) from Thermobifida
fusca/GDSx

Figure 58 shows a nucleotide sequence (SEQ ID No. 48) from Thermobifida
fsca/GDSx

Fig 59 shows TLC (Solvent 4) of reaction products from enzyme treatment of crude
soya oil samples according to table 6. As reference, phosphatidyicholine (PC) was also
analysed. PE-(phosphatydylcthanolamine(PE) and lysophosphatidylcholine (LPC) are
also indicated.

Fig 60 shows TLC (Solvent 5) of reaction products from enzyme treatment of crude
soya oil samples according to table 6. References Cholesterolester, mono-di-

triglyceride and plant sterol. Free fatty acid (FFA) is also indicated

Figure 61 shows an alignment of the L131 and homologues from S.avermitilis and

T fusca illustrates that the conservation of the GDSx motif (GDSY in L131 and
S.avermitilis and T fusca), the GANDY box, which is either GGNDA or GGNDL, and
the HPT block (considered to be the conserved catalytic histadine). These three
conserved blocks are highlighted

EXAMPLES

The purpose of this study was fo investigate the possible use of a lipid acyltransferase

(sometimes referred to herein as a glycerophospholipid Cholesterol Acyl-Transferase
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(GCAT)) for degumming of vegetable oil like soya bean oil, sunflower oil and rape
seed oil.

One purpose of this study was to investigate whether in particular a lipid
acyltransferase mutant (N8OD) is a more suitable enzyme for degumming. From
earlier studies it is known that lipid acyltransferases (particularly GCATS) catalyse the
acyl-transfer of fatty acid from phospholipid to sterols to form lysolecithin and sterol

csters.

The present study was conducted in a model based on refined soya bean oil where
phosphatidylcholine and plant sterols were added. This model was selected because it

is easier to analyse reaction product in a model system instead of using crude soya oil.

Enzymatic degumming processes of plant oils including soya oil and rape seed oil is
expanding in recent years because this process is a cheaper and better process to
remove lecithins from oil. The enzyme used for oil degurmming is a phospholipase Al
(Lecitase Ultra™ or pancreatic phospholipase A2 - Novozymes A/S, Denmark).

One advantage of the enzyme of the present invention when used in degumming
compared with prior art phospholipase A1 is that the enzyme according to the present
invention facilitates the formation of sterol esters during the degumming process and
contributes to the accomulation of sterol esters, which is not achieved with the

currently used phospholipase A1 (Lecitase Ultra™).

Materials and methods.

Enzymes
» Lipid acyltransferase according to the present invention: Aeromonas
salmonicidae enzyme with a mutation Asn80Asp (amino acid 80 of the mature
enzyme) (SEQ ID No. 16 (see Figure 10));
o Lecitase Ultra (#3108) from Novozymes, Denmark
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Soya bean oil: Soya olie IP (Item No. 005018/ batch nr T -618-4)
Lecithin: L-o Phosphatidylcholine 95% Plant (Avanti #441601)

Plant Sterol: Generol 122 N from Henkel, Germany. )
Tocopherol: Alpha-tocopherol ( ltem no. .050908/lot.nr 4010140554 )

Phospholipase activity

Substrate

0.6% L-o. Phosphatidylcholine 95% Plant (Avanti #441601), 0.4% Triton-X 100
(Sigma X-100) and 5 mM CaCl, was dissolved in 0.05M HEPES buffer pH 7.
Assay procedure: '

400 pl substrate was added to an 1.5 ml Eppendorf tube and placed in an Eppendorf
Thermomixer at 37°C for § minutes. At time T= 0 min, 50p! enzyme solution was
added. Also a blank with water instead of enzyme' was analyzed. The sample was
mixed at 10*100 rpm in an Eppendorf Thermomixer at 37°C for 10 minutes. At time
T=10 min the Eppendorf tube was placed in another thermomixer at 99°C for 10
minutes to stop the reaction.

Free fatty acid in'the samples was analyzed by using the NEFA C kit from WAKO
GmbH.

Enzyme activity PLU-NEFA pH 7 was calculated as micromole fatty acid produced

per minute under assay conditions.

HPTLC

Applicator: Automatic TLC Sampler 4, CAMAG

HPTLC plate: 20 x 10 cm, Merck no, 1.05641. Activated 30 min. at 160°C before use.
Application: 1p! of a 8% solution of oil in buffer is applied to the HPTLC plate using
Automatic TLC applicator.

Running buffer 1: P-ether : Methyl-tert-butyl-ether : Acetic acid 60:40:1

Running buffer 4: Chloroform:Methanol:Water 75:25:4

Rumning buffer 5: P-ether : Methyl-tert-butylether : Acetic acid 70:30:1

Application/Elution time: Running buffer 1: 12 min
Running buffer 4: 20 min
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Running buffer 5: 10 min

Developing

The plate is dried in an oven at 160°C for 10 minutes, cooled, and dipped into 6%
cupri acetate in 16% H3PO4. Dried additionally 10 minutes at 160°C and evaluated
directly.

EXAMPLE 1: Enzyme purification

Sample: The sample lipid acyltransferase (Asn80Asp) (SEQ ID No. 16) was filtered
through 0.8/0.22 pm filter. 510 ml filtrate was collected.

Step 1. Desalting, Sephadex 25 G, 3.21 gel (10 cm id)

The Sephadex column was prepared as described by the manufacturer (Amersham
biosciences). The column was equilibrated with 20 mM Na-P-buffer, pH 8.0. The
sample (510 ml) was applied to the column at a flow rate of 25 mV/min. 815 ml
desalted sample was collected and kept at +4°C.

Step 2. Anion exchange chromatography, Q-Sepharose FF 300 ml gel (XK 50)
Q-Sepharose FF column was prepared as described by the manﬁfacturer (Amersham
biosciences). The column was equilibrated with 20 mM Na-P-buffer, pH 8.0. The
desalted sample was applied to the colurmn ata flow rate of 15 ml/min. The columa
was then washed with buffer A. The lipase was eluted with a linear gradient of 0-0.4
M NaCl in 20 mM Na-P-buffer (pH 8.0, buffer B). Fractions of 15 ml were collected
during the entire run. The lipase was eluted at approx. 0.2 M NaCl, and no lipase
activity was detected in running through fractions.

Enzyme Assay based on PNP-caprylate

The assay was performed using PNP-Capylate as substrate as follows:

10 mg of substrate solved in 1 ml ethanol and was mixed with 9 ml of 50 mM Tris-
HBCL buffer (pH 7.3) containing 0.4% TX100.
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240 pl of substrate was pre-incubated at 35 degree C. The reaction was initiated by the
addition of 25 pl of sample/blank. The mixture was incubated at 35°C for 5 min with
shaking. Using a spectrophotometer, the formation of PNP was measured continually
at 410 nm. The blank run contains all the components with buffer instead of sample.
One unit of lipase activity was defined as the amount of enzyme releasing 1 pl of free

caprylic acid per minute at 35°C.

Determination of molecule weight and purity.

SDS-PAGE was carried out on a 4-12% Nu-PAGE gel (+DTT) and Coomassie stained
according to the manufacturers instructions (Novex, USA). The standard marker was
See Blue PiusZ and was obtained from Novex, USA.

Results

The chromatogram from Ion Exchange Chromatography (IEC) purification of the lipid
acyltransferase mutant N80D is shown in Fig.1. The fractions collected were analyzed
for lipase activity (based on PNP-Caprylate assay). The activity of the fractions is
illustrated in Fig 1-a.

The fractions containing lipid acyltransferase activity (27-39, 195 ml) were pooled.
The final recovery of the partly purified lipid acyltransferase was approx. 80% (based
on pNP-Caprylate assay).

Fractions of the purified lipid acyltransferase were subjected to SDS-PAGE gel
electrophoresis.

The SDS-PAGE gel revealed lipid acyltransferase protein with a molecular weight of
approx. 28 KDa. The partly purified lipid acyltransferase contained a minor impurity
at approx 10 KDa (see Figure 2).
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The lipid acyltransferase pool 27-39 after IEC was analysed for phospholipase activity
with the result of 20.4 PLU-7/ml. '

The overall purification scheme is presented in Table 1, in which the lipid

acyliransferase was partly purified with a recovery of 80%.

Table 1. Purification of the lipid acyltransferase

Sample ) Vol. Vp,, Dilution Tot. Units  %Recovery

Crude (Q3tQ4) 510 1.150 100 58650 100.
Desalted crude 815 0.697 100 56806 97
Pool 27-39, Q-Sep. 195  1.203 200 46898 80

EXAMPLE 2: Degumming experiment

The lipid acyltransferase sample from Example 1 was used for degumming studies in

the formulations shown in Table 2.

Plant sterol, alpha-tocopherol and phosphatidylcholine were dissolved in soya bean oil
by heating the il to 90 °C. The oil was then cooled to approx 40 °C and the enzyme
was added. The sample was placed at 40 °C for 17 hours during agitation and then a
sample was taken out for HPTLC analysis by dissolving the sample in Chloroform
:Methanol 2:1.
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Table 2. Soya bean oil models with alpha-tocopherol and plant sterol, used for testing

of the lipid acyltransferase.

1 2 3 4 5 6 7 8 9 10
Soya bean oil % 98 97 97 96 97 96 96 95 9% 92
Alpha-tocopherol % 1 1 1 1 1 1
Plant Sterol % 1 1 I 1 1 i
Phosphatidylcholine % 2 2 2 2 2 2 2 2 2 2
lipid acyltransferase
pool 27-39 % 1 1 1 1 4

The results from the HPTLC analysis are shown in Figure 3 and Figure 4.

The TLC results shown in Figure 3 clearly show that phosphatidylcholine is almost
100% removed by adding the lipid acyltransferase to the oil. Only sample no. 10
contains small amount of phosphatidylcholine. Sample no. 10 has the highest amount
of water, which indicates that for degumming the enzyme may work better in low
water formulations, or it could be explained by the fact that because sample no. 10
contain 5% water a two-phase system is formed, which might cause less contact
between the reactants and the enzyme.

From the results shown in Figure 4 is was observed that small amount of fatty acids
are formed, but when sterol or alpha-tocopherol is also available in the oil the amount
of free fatty acids is lower, because the fatty acids from phosphatidylcholine it
transferred to the sterol or tocopherol to form sterol-esters and tocopherol-esters.

The formation of sterol esters is clearly seen from the TLC results shown in Figure 5.
It should be noted that the reference material used, cholesterol ester, has the same

retention time as plant-sterol-esters.
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EXAMPLE 3: Degumming experiment (2)

In another experiment the lipid acylu—aﬁsferase pool 27-39 from IEC chromatography,
was tested at different enzyme dosages and water concentrations in soya bean oil with
phosphatidylcholine and plant sterol. In this experiment a commercial phospholipase
Lecitase Ultra™ was also tested in a concentration recommended by the supplier for
degumming. The composition of the samples for this experiment are shown in T: able 3.

Table 3. Soya bean oil model with plant sterol used for testing of the lipid
acyltransferase, and Lecitase Ultra™,

Plant sterol and phosphatidylcholine were dissolved in soya bean oil by heating to

95°C during agitation. The oil was then cooled to 40 °C and the enzymes were added.

The sample was maintained at 40 °C with magnetic stirring and samples were taken

out after 4 and 20 hours and analysed by TLC. The results from the HPTLC analysis of
~ samples taken out after 4 and 20 hours are shown in Figures 6 to 9.

The HPTLC results indicate that the lowest dosage of the lipid acyltransferase (0.4%
corresponding to 0.08 PLU-7/g oil) is sufficient to remove phosphatidylcholine in soya
bean oil after 20h reaction time. It is also observed that the highest dosage of water
(5%) seems to have a detrimental effect on the lipid acyltransferase for the hydrolysis
of phosphatidylcholine in the oil. It is therefore expected that the lower degree of

1 2 3 4 5 6 7 8 9 10
Soya bean oil % 966 966 9 92 96 92 95 92 96 92
Plant Sterol % 1 1 1 1 1 1 1 1 1 1

- Phosphatidylcholine % 2 2 2 2 2 2 2 2 2 2

Lipid acyltransferase pool
27-39 % 04 04 04 1 1 2 2
Lecitase Ultra™, 1%
solution % 03 03
Water 0,4 06 46 0 4 0 3 0,7 47
Units /g oil (PLU-7/g) 0 0,08 008 008 02 02 04 04 1,03 1,03
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hydrolysis in the sample with highest dosage of the lipid acyltransferase conversion is
explained by that fact that more water is also added to the sample. Contrary to this it is
observed that Lecitase Ultra™ has a lower degree of hydrolysis of phosphatidylcholine
in the lowest dosage of water (1%), whereas Lecitase Ulira™ almost oomfletely

removes phosphatidylcholine in the sample with 5% water.

The results from Figure 7 also indicate that the main part of th(;. plant sterol is
converted to plant sterol ester in samples treated with the lipid acyliransferase whereas
1o sterol esters are formed in the samples treated with Lecitase Ultra™. Figure 7
indicates that Lecitase Ulira™ produce more free fatty acids (FFA) than the lipid

acyltransferase.
Conclusion

Degumming experiments with a model soya bean oil containing phosphatidylcholine,
plant sterol and tocopherol has shown that a partially purified lipid acyltransferase
enzyme is able to remove all phosphatidylcholine concomitant with the formation of

plant sterol esters, and only to a small extent free fatty acids are formed.

One further advantage of the lipid acyltiansferase is the formation of sterol esters, and
in particular tocopherol ester, because sterols esters (including tocopherol ester)
provide beneficial health properties. In conventional edible oil processing, following
degumming the aqueous phase containing the hydrolysed polar lipid (e.g. phospholipid
and/or glycolipid) is separated from the oil. Conventionally sterols are removed from
the edible oil during the oil refining process (this is sometimes referred to as
deodorising). . However, the sterol esters (and tocopherol ester) resist deodorisation
and thus remain in the oil. Accumulation of stero! esters in the oil is attractive because
it has been shown that higher intake of plant sterol esters reduces the risk for

cardiovascular diseases in humans.

The experiment also indicates that the lipid acyltransferase is able to make tocopherol
esters, which will also accumnlate in the oil.
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This will contribute to improved oxidative stability of the oil and thus is a further
benefit to using the lipid acyltransferase in accordance with the present invention for

degumming.
EXAMPLE 4: Degumming experiment in crude oil

In another experiment, the lipid acyltransferase pool 27-39 from 1EC chromatography
was tested at different enzyme doséges and water concentrations in crude soya oil
(before degumming) obtained from The Solae Company, Aarhus, Denmark. In this
experiment, a commercial phospholipase Lecitase Ultra™ was also tested in a
concentration recommended for degumming l?y the supplier. The composition of the

samples for this experiment is shown in Table 4.

The samples were placed in a heating block at 40 °C during agitation with a magnetic
stirrer. Samples were taken out after 20 hours for analysis. '

Table 4

112134156 )7]|8]9]10
Crude soya oil 9% 199,5199,5]99] 98 | 97 | 98 | 95 |99,7} 99 | 95
Lipid T
Acyltransferase % 05111 1 1 2 5
I ecitase Ultra™
143108, 1% solution | % | 03{03]03
Water %los]0o]l1|[2][0] 0| 0]|0747

The oil samples were analysed by HPTLC with the results shown in Figure 26 and 27.

The TLC analysis in Figure 26 indicate that the lipid acyltransferase efficiently
removes the phospholipids in crude soya oil without leaving any lysolecithin in the
sample (sample 3, 4, 6 and 7). Lecitase Ultra™ also removes the phospholipid ro),
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but some bands are remaining in the chromatogram, which is expected to be
lysolecithin. It is also observed that lipid acyltransferase works in very low water

environment, but Lecitase Ulira™ needs 1% to 5% water to work.

S The results in Figure 27 confirm that lipid acyl transferase converts the free sterol to
sterolesters and Lecitase Ultra™ has no effect on sterols. Figure 27 also indicates that
some free fatty acids are formed both in sampies with lipid acyl transferase and
Lecitase Ultra™. The reason for the free fatty acid formation with lipid acyl
transferase is explained by the fact that there is not enough acyl-donor (sterol)

10  available, and therefore some hydrolysis also occurs.

Sample 1, 2, 3, 6, 8 and 10 from table 4 were analysed by GLC and the amount of

sterol and sterol esters were quantiﬁed."[’he results are shown in Table 5.

15 Table 5. GLC analysis of sterol and sterol esters
Tn crude soya oil treated with enzyme (T able 4)

Sample Enzyme Sterol Sterolester

no % %

1 Control 0,25 0,07

2 0,5% Lipid acyltransferase pool 27-39 0,13 0,13

3 1% Lipid acyltransferase pool 27-39 0 0,26

6 2% Lipid acyltransferase pool 27-39 0 0,22

8  0,3% Lecitase Ultra™ 1% solution 0,25 0,03

10  0,3% Lecitase Ultra™ 1% solution+ 5% water 0,27 0,05

The results in Table 5 confirm the ability of the lipid acyl transferase of the present V
invention to convert all sterol in crude soya oil to sterol ester, and a commercial

20  phospholipase Lecitase Ultra™ showed no effect on sterol.
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CONCLUSION

The effect of the lipid acyl transferase of the present invention on crude soya oil
confirms that the lipid acyl transferase of the present invention effectively removes

phospholipids in the crude soya oil concomitant with the formation of sterol esters.

Example 5

In another experiment, phospholipase from Streptomyces thermosacchari L131 was

tested in crude soya oil.

The results confirm that phospholipase Streptomyces thermosacchari L131 effectively
hydrolyses phospholipids in crude soya oil and is a suitable altermnative enzyme for
degumming of plant oils. '

Enzymatic degumming processes of plant oils including soya oil and rape seed oil are
currently expanding because this process is a less expensive and better process to
remove lecithins from plant oils. The enzyme commercially used for oil degumming is
a microbial phospholipase A1 or an animal derived phospholipase A2.

A (phospho)lipid acyl transferase Streptomyces thermosacchari L131 is another
enzyme, which can be used for degumming.

Introduction

The purpose of this study was to investigate the possible use of a lipid acyltransferase
from Streptomyces thermosacchari L131 for degumming of vegetable oil like soya oil,

sunflower oil, and rape seed oil.

Traditionally, two processes have been used for degumming of oils, namely the
physical degumming and the chemical degumming. Back in the 1990’es, the
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enzymatic degumming process was developed, based on the use of pancreatic
phospholipase. Because this enzyme was non-kosher, the phospholipase was
substituted by microbial phospholipase Al. The enzymatic process has several
advantages over the chemical or the physical degumming processes including cost

savings, higher yield, and a more environmentally desirable process. .

The purpose of this study was to investigate whether lipid acyltransferase from
Streptomyces thermosacchari L131 would be a suitable enzyme for degumming. From
the studies described above Streptomyces thermosacchari L131 is known to have
hydrolytic properties against galactolipids and phospholipids without showing any
activity on triglycerides, and it is expected that this enzyme also facilitates transferase
reactions in certain environments with low water content. This study was conducted in

crude soya oil with the natural content of phospholipids.

Materials and methods

Enzyme ‘

K371( jour 2390-30): Streptomyces thermosacchari L131 /8. tividans freeze dried on
starch.

(Activity: 108 PLU-7/g).

Lecitase Ultra (#3108) from Novozymes, Denmark

Cholesterolester, Fluka 26950

Plant Sterol: Generol 122 N from Henkel, Germany

Crude soya oil from The Solae Company, Aarhus Denmark
Lecithin: L-c: Phosphatidylcholine 95% Plant (Avanti #441601)

Phospholipase activity

Substrate:

0.6% L-a Phosphatidylcholine 95% Plant (Avanti #441601), 0.4% Triton-X 100
(Sigma X-100), and 5 mM CaCl, were dissolved in 0.05M HEPES buffer pH 7.
Assay procedure:
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400 pl substrate was added to a 1.5 m] Eppendorf tube and placed in an Eppendorf
Thermomixer at 37°C for 5 minutes. At time T= 0 min, 50u! enzyme solution was
added. Also a blank with water instead of enzyme was analyzed. The sample was
mixed at 10*100 rpm in an Eppendorf Thermomixer at 37°C for 10 minutes. At time
T=10 min the reaction was stopped by placing the Eppendorf tube in another
thermomixer at 99°C for 10 minutes,

The free fatty acid content of samples was analyzed by using the NEFA C kit from
WAKO GmbH.

Enzyme activity PLU-NEFA pH 7 was calculated as micromole fatty acid produced

per minute under assay conditions.

GLC (Gas Chromatography)

Perkin Elmer 8420 Capillary Gas Chromatography equipped with WCOT fused silica
column 12.5 m x 0.25 mm ID x 0.1 um 5%phenyl-methyl-silicone (CP Sil 8 CB from
Crompack).

Carrier: Helium.

Injection: 1.5 pl with split.

Detector: FID. 385 °C.

Oven program: 1 2 3 4
Oven temperature [°C] 80 200 240 360
Isothermal, time {min] 2 0 0 10

Temperature rate [°C/min] 20 10 12

Sample preparation: Lipid extracted from 0,2 gram sample was dissolved in 2 mL
heptane: pyridine 2:1 containing an internal standard heptadecane, 2 mg/mL. 500 uL
of the sample was transferred to a crimp vial. 100 pL. MSTFA (N-Methyl-N-
trimethylsilyl-trifluoracetamid) was added and the reaction incubated for 15 minutes at
90°C.



10

15

20

25

30

WO 2006/608508 PCT/GB2005/002823
101

HPTLC

Applicator; Automatic TLC Sampler 4, CAMAG

HPTLC plate: 20 x 10 cm, Merck no. 1.05641. Activated 30 minutes at 160°C before
use.

Application: 1pl of a 8% solution of oil in buffer was applied to the HPTLC plate
using Automatic TLC applicator.

Running buffer 4: Chloroform:Methanol:Water 75:25:4
Running buffer 5: P-ether : Methyl-tert-butyl-ether : Acetic acid 70:30:1

Application/Elution time:
Running buffer 4: 20 min
Running buffer 5: 10 min

Development

The plate was dried in an oven for 10 minutes at 160°C, cooled, and dipped into 6%
cupri acetate in 16% H3;PO,. Dried additionally 10 minutes at 160°C and evaluated
directly.

Results.

Degumming experiment.
Streptomyces thermosacchari L131 was used for degumming studies in the

formulations shown in table 6.

The samples were placed at 40°C for 18 hours with agitation, after which time a
sample was colilected for HPTLC analysis by dissolving the sample in Chloroform
:Methanol 2:1
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" Table 6. Degumming of crude soya oil with Streptomyces thermosacchari L131

And Lecitase Ultra
1 2 3 4 5 6

Crude soya oil % 99 99 98 97 997 99
K371, 10% in water % 1 2 3

Lecitase Ultra™ #3108, 1% in

water % 03 03
Water % 1 0 0 0 0,7

The resuits from the HPTLC analysis are shown in fig. 59 and 60.

Fig 59 TLC (Solvent 4) of reaction products from enzyme treatment of crude soya oil
samples according to table 6. As reference, phosphatidylcholine (PC) was also
analysed. PE (phosphatydylethanolamine(PE) and lysophosphatidylcholine (LPC) are
also indicated.

Fig 60 TLC (Solvent 5) of reaction products from enzyme treatment of crude soya oil
samples according to table 6. References Cholesterolester, monoglyceride, diglyceride,

triglyceride and plant sterol. Free fatty acid (FFA) is also indicated

The TLC results in Figure 59 clearly show that phosphatidylcholine was completely
removed by adding Streptomyces thermosacchari L131 to the oil. Only the lowest
dosage (sample 2) did not completely hydrolyse the phospholipids. Lecitase Ultra™
also hydrolysed the phospholipids in the oil when 5% water was available (sample 6)
but without adding extra water (sample 5) only part of the phospholipids were
hydrolysed.

The results shown in fig. 60 indicate that the hydrolysis of phospholipids is coincident
with the formation of free fatty acid.

Conclusion.
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The lipid acyltransferase from Streptomyces thermosacchari L13] effectively
hydrolysis phospholipids in crude soya oil during formation of free fatty acids.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the present invention will be apparent to those skilled in the art without departing
from the scope of the present invention. Although the present invention has been
described in connection with specific preferred embodiments, it should be understood
that the invention as claimed should pot be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out
the invention which are obvious to those skilled in biochemistry and biotechnology or

related fields are intended to be within the scope of the following claims.
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE,

INTERNATIONAL FORM
Danisco A/S RECEIPT IN THE CASE OF AN ORIGINAL DEPOSTT
Langebrogade 1 issued pursnant to Rule 7.1 by the
DK-1001 Copenhagen INTERNATIONAL DEPOSITARY AUTHBORITY
ADenmark . fdentified at the botiom of this page .
-___NAME AND ADDRESS OF DEPOSITOR

1  IDENTIFICATION OF THE MICROORGANISM

ldentification reference given by the . Accession nusmber given by the

DEPOSITOR: . INTERNATIONAL DEPOSITARY AUTHORITY:

Escherichia col NCIMB 41204

TOP10pPeti2aAhydro

1 SCIENT1 P]CDF."’_:CRIP’I‘!ON AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
8 scientific description

X & proposed taxonomic designation
) (Mark with & cross where applicable)

. _RECEIPT AND ACCEPTANCE

This Intemational Depositary Authority sceepts the mitroorganism identified vnder 1 above, which'was reccived byt an
22 December 2003 (date of the original deposit)’

1V. RECEIPT OF REQUEST FOR CONVERSION

The microorganisin identified under I above was recejvéd by this Intemational Depositary Authority on
(date of the original deposit) ard 2 request to convert the original deposit to a deposit upder the Budapest Treaty was received
by iton

(date of receipt of request for conversion)

V.  INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCDMB L, . Signature(s) of person{s) having the power to represent the
. International Depositary Authority or of authorised
Address: 23 St Machar Drive. ferea ﬂ‘ z
Abgrdecn Date: 9 Januamy 2004
AB24 3RY
Scotiand, UK.

' . %mknledl«d)applis,mcbda&c'smcdalemwlichﬂxestatnsdlnlmak&malDepnsimyAmhorﬂywas

D TDIA fomles o
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
- . FOR THE PURPOSES OF PATENT PROCEDURE -

Denmark

.NAMEANDADDRESSOFTHEPARTY.
TO WHOM THE VIABILITY STATEMENT

: INTERNATIONAL FORM
Danisco A/S . ' VIABILITY STATEMENT
Langebrogade 1 fssued pursusnt to Rule 102 by the
’ DK-1001 Copenbagen INTERNATIONAL DEPOSITARY AUTHORITY
identified on fhe following page

ISISSUED .
1 DEPOSITOR L  IDENTIFICATION OF THE MICROORGANISM
Name: . AS ABOVE Accession number givea by the .
INTERNATIONAL DEPOSITARY AUTHORITY:
Addsess: NCIMB 41204
Date of the deposit or of the transfer': |
22 December 2003

L. VIABILITY STATEMENT

Was
3

X&viable

1o Jonges viable

The viability of the microorganism identified undes I sbove was tested on 22 December 2003 2, Onthat date, the saxdnmoorganism

! ndicate the date of the original deposR of, where a new deposit or a transfer has been made, the most recent relevant

* date (date of the new deposit or date of the transfer).

’ Mark witha &oss the applicable box.

Form BPID (first page)

? I the cases referred to in Rule 10.2(a){5i) and Gii), refer to the most recent viability test.
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Iv.  CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED®

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name; NCIMB L., ) Signsture(s) of person(s) baving the power
to represent the Internatinnal Depositary
Address: 23 St Machar Drive Authority or of authorised official(s):
Aberdecn )
AB24 3RY ﬁm [SSN 3*_3(1
Scotland - Date: 9 January 2004 :

4 Fill in if the information has been requested and if the results of the test were negative.

Form BP/9 (second and last page)
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THR PEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE _

INTERNATIONAL FORM
:Damisco A/S RECEIPT IN THE CASE OF AR ORIGINAL DEPOSIT
Langebrogade 1 issued purspant o Rule 7.1 by fhe
DK-100! Copenbagen INTERNATIONAL DEPOSITARY AUTHORITY
Demmark idenftified at the bottom of this page
- NAME AND ADDRESS OF DEPOSITOR

L IDEN'HFICATION OF THE MICROORGANISM

Tdentification reference given by the Accession number given by the

DEPOSITOR: *_ INTERNATIONAL DEPOSITARY AUTHORITY:

Escherichia coli “NCIMB 41205

TOP10pPet] 22As21mo

n SCIENTI FIC DESCRIPTION AND/OR PROPOSED TAXONCMIC DESIGNATION

The microorgavism identified under 1 above was accompanied by:

a scientific description

x | 2proposed tmonomic desigastion ’

(M:rkwithaaosswhue;sppliwble)

M, -RECEIPTAND ACCEPTANCE

“Fhis Imernational Depositary Authority accepts the microorganism identified nnder I above, which was received by iton
22 December 2003 (date of the m'zgmnldeposn)'

Iv. RECEIPT OF REQUEST FOR CONVERSION

The microorganisn jdentificd under I above was received by this International Depositary Authority on
(date of the original deposit) and a request 1o convert the original depnsnma deposit mﬂulheBudnpestTratywasneeived
byiton .

{date of receipt of requtest for conversion)

V.  INTERNATIONAL DEPOSITARY AUTHORITY

Neme: NCIMB Lid., Signature(s) of p:mim(s) baving the power to represent the
Internations] Depositery Authority or of authorised

< . "/
Address: 23 St Machar Drive /e anen :’ _
Abcrdeen

AB243RY , -
Scotland, UK.

i ‘Whese Rule 6/4(d) applies, such date isthe date on which the status of biternational Depositary Aunthority was
acquired.
Form BP#4 (sole paee)
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE, -

INTERNATIONAL FORM
Damisco A/S VIABILITY STATEMENT
_ | Langebropade 1 issned puysuant to Rule 30.2 by the
DK-1001 Copenhagen INTERNATIONAL DEPOSITARY AUTHORIYY
Denmark identified on the following page

NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT

ISISSUED
L DEPOSITOR L IDENTIFICATION OF THE MICROORGANISM
Name: AS ABOVE - . Acression ntmber given by the
INTERNATIONAL DEPOSITARY AUTHORITY-:
Address: NCIMB 41205
Date of the deposit or of the transfer's ,
22 December 2003

M.  VIABILITY STATEMENT

The visbility of the micyoorganism identified under 11 sbove was tested on 22 December 2003 2 Op that date, the said microorganism |-
was: : .

3

X viable

no longer viable _

s hdmatetbedmofﬁncmgmldepoa( or, whaeancwdepumora transfer has been made, themnstrccumrkvam
date (dalc of the new deposit ar date of the transfer).

2 In the cases referzed to in Rede 10.2(z)(if) and (jii), refes 16 the most recent viability test.
*  Mark with a cross the applicable box.

Form BP/9 (first page)
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CON.DI'HONSUNDERWBIW THE VIABILITY TEST HAS BEEN PERFORMED'

V.

INTERNATIONAL DEPOSITARY AUTHORITY

Name:  NCIMB Lid.,
Address: 23 St Machar Drive

Aberdesn
AB24 3RY
Scotland

Signature(s) of person(s) baving the power
10 represent the International Depositary
Autharity or of authorised official(s): -

4

Fill in if the information has been requested and if the results of the test were negative.

Form BP/Y (sccond and last page)




WO 2006/008508 PCT/GB2005/002823

110

BUDAPEST TREATY ON THE INFERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

Danisco Intellectnal Assets RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT

Danisco A/S issued pursuant to Rule 7.1 by the

Laneebro 1 INTERNATIONAL DEPOSITARY AUTHORITY

gebrogade idextified at the bottom of this page
DK-1001 Copenhagen
Denmark
NAME AND ADDRESS OF DEPOSITOR

L IDENTIFICATION OF THE MICROORGANISM
Identification reference given by the Accession pumber given by the
DEPOSITOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Streptomyces sp. NCIMB 41226

L130

1 8 SCIENTI FIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified nmder 1 2bove was accompanied by:

a scientific description

X1a proposed taxomomic designation

(Mark with a cross where applicable)

O  RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified mnder I above, which was received by it on
23 June 2004 (date of the ariginal deposit)*

IV. _RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under 1 sbove was received by this International Depositary Authority on
{date of the original deposit) and 2 request to convert the original deposit to a deposit under the Budapest Treaty was received
byiten

(date of receipt of request for conversion)

V.  INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB L, Signature(s) of person(s) having the power to represent the
International Depositary Anthority or of authorised
official(s): J
Address: 23 St Machar Drive 4“‘*@0‘” et
Aberdesn Date: 28 June 2004
AB24 3RY
Scotland, UK.

-t WhmRnleGM(d)applits,sochdamismedanonwhichth:stzmsofht:maﬁom]wmymmm
Form BP/4 (sole page)
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM
Danisco Intellectual Assets .VlABedlLITY gtmm m.zT by the
Teg issued pursn e
Danisco A/S INTERNATIONAL DEPOSITARY AUTHORITY
Langebrogade 1 identified on the following page :
DK-1001 Copenhagen
Denmark

NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT

IS ISSUED
L DEPOSITOR . IDENTIFICATION OF THE MICROORGANISM
Name: AS ABOVE Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
Address: NCDMB 41226 -
Date of the deposit or of the transfer’:
23 hune 2004

m.  VIABILITY STATEMENT

The viability of the microorganisn identified under II above was tested on 25 hine 2004 2. On that date, the said microorganism was:

3

X:a viable

no Jonger viable

! Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant
date (date of the new deposit or date of the transfer).

2 In the cases refared to in Rule 10.2(a)(if) and (iif), 1efer to the most recent viability test.

3 Mark with a cross the applicable box.

Form BP9 (fisst page)
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IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED*

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMBLud, Signature(s) of person(s) having the power
to represent the International Depositary
Address: 23 St Machar Drive Aurthority or of anthorised official(s):
Aberdeen
AB24 3RY //e-mev—} 2
Scotland Date: 28 June 2004

N Fill in if the information has been requested and if the results of the test were negative.

Form BP/9 (stcond and last page)
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

- - INTERNATIONAL FORM
Danisco Intellectual Assets
Danisco AR RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
issued pursuant to Rule 7.1 by the
Langebrogade 1 INTERNATIONAL DEPOSITARY AUTHORITY
DK-1001 Copenhagen ideotified at the bottom of this page
Denmark
: NAME AND ADDRESS OF DEPOSITOR
L  IDENTFICATION OF THE MICROORGANISM
Identification reference given by the Accession number given by the
DEPOSTTOR: INTERNATIONAL DEPOSITARY AUTHORITY:
Streptomyces sp. NCIMB 41227

L131

L SCIENTI FIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified inder 1 above was accompanied by:

a scientific description

x | apoposed taxonomic designation

(Mark with a cross whers applicable)

O  RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under 1 above, which was received by it on
23 hune 2004  (date of the original deposit)'

IV. _ RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International Depositary Authority on
(date of the original deposit) and a request to convert the original deposit 1 a deposit under the Budapest Treaty was received
by it on

(date of receipt of request for conversion)

V.  INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Lid,, Signature(s) of person(s) having the power to represent the
Intemational Depositary Authority or of authorised
official(s):

— D )
Address: 23 St Machar Drive Frencs. ] Q2
Aberdesn Date: 28 June 2004
AB24 3RY
Scotland, UK.

! Wh::eRu]e6/4(d)appﬁes,suchdateisthedaiemwﬁicbthestamsoﬂm:maﬁonalDeposi:aryAmhuritywas

acquired.
Form BP/4 (sole page)
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM
Danisco Intellectnal Assets
Danisco A/S VIABILITY STATEMENT

issued pursoant to Rule 10.2 by the
Langebrogade 1 INTERNATIONAL DEPOSITARY AUTHORITY
DK-1001 Copenhagen jdentified on the following page
Denmark

NAME AND ADDRESS OF THE PARTY
TO WHOM THE VIABILITY STATEMENT

IS ISSUED
L DEPOSITOR iR IDENTIFICATION OF THE MICROORGANISM
Name: AS ABOVE Accession numbér given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
Address: NCIMB 41227
Date of the depasit or of the transfes':
23 hme 2003

Iml.  VIABILITY STATEMENT

meviabilityofthe;nimm'ganismidmﬁﬁedlmdullabovewasmd on 25 June 2004 2, On that date, the said microorganism was:

3

X vizble

no longer viable

! Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant
date (date of the new deposit or date of the transfer).

2 In the cases referred to in Rnle 10.2(a)(ii) and {iii), refer to the most recent viability test.

3 Mark with a cross the applicable box.

Form BP/ (first page)
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IV.  CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED*

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: NCIMB Ltd, Signature(s) of person(s) baving the power
to represent the Interpational Depositary
Address: 23 St Machar Drive Aurthority or of authorised official(s):
Aberdeen -
AB243RY - ﬁenuz_% U
Scotland Date: 28 June 2004

4 Fill in if the information has been requested and if the resnits of the test were negative.

Form BP/P (second and last page)
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CLAIMS

. A process of enzymatic degumming edible oils, comprising treating the edible oil

with a lipid acyltransferase so as to transfer an acyl group from a major part of the

phospholipid to one or more acyl acceptors.

A process according to claim | wherein the acyl acceptor is any compound

comprising a hydroxy group.
A process according to claim 1 wherein the acyl acceptor is water.

A process according to claim 1 or 2 wherein the acyl acceptor is one or more

sterols and/or stanols.

A process according to claim 4 wherein a sterol ester and/or a stanol ester is
formed.

A process according to claim 4 wherein the acyl acceptor is a sterol.

A process according to any one of the preceding claims wherein the phospholipid
is a lecithin.

A process according to any one of claims 4 to 6 wherein the lipid acyl transferase,
as well as being able to transfer an acyl group from a lipid to a sterol and/or a
stanol, additionally transfers the acyl group from a lipid to one or more of a

carbohydrate, a protein, a protein subunit, and glycerol.

A process according to any one of the preceding claims wherein the lipid

acyltransferase is a natural lipid acyltransferase.

A process according to any one of the preceding claims wherein the lipid

acyitraﬂsferase is a variant lipid acyitransferase.
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12. A process according to any one of the preceding claims wherein said lipid
acyltransferase is obtainable from an organism from one or more of the following
genera: Aeromonas, Streptomyces, Saccharomyces, Lactococcus, Mycobacterium,
Streptococcus,  Lactobacillus,  Desulfitobacterium,  Bacillus, = Campylobacter,
Vibrionaceae, Xylella, Sulfolobus, Aspergillus, Schizosaccharomyces, Listeria,
Neisseria, Mesorhizobium, Ralstonia, Xanthomonas, Candida, Thermobifida and

Corynebacterium.

13. A process according to any one of the preceding claims wherein said lipid
acyltransferase is obtainable from one or more of Aeromonas hydrophila, Aeromonas
salmonicida, Streptomyces coelicolor, Streptomyces rimosus, Streptomyces
thermosacchari, Streptomyces avermitilis, Mycobacterium, Streptococcus pyogenes,
Lactococcus  lactis,  Streptococcus  pyogenes,  Sireptococcus  thermophilus,
Lactobacillus  helveticus,  Desulfitobacterium  dehalogenans,  Bacillus  sp,
Campylobacter jejuni, Vibrionaceae, Xylella fastidiosa, Sulfolobus solfataricus,
Saccharomyces cerevisiae, Aspergillus terreus, Schizosaccharomyces pombe, Listeria
innocua, Listeria monocytogenes, Neisseria meningitidis, Mesorhizobium loti,
Ralstonia solanacearum, Xanthomonas campestris, Xanthomonas axonopodis,

Candida parapsilosis, Thermobifida fusca and Corynebacterium efficiens.

14. A process according to any one of the preceding claims wherein the lipid acyl
transferase is characterised in that:
(2) the lipid acyltransferase possesses acyltransferase activity is defined as ester
transfer activity whereby the acyl part of an original ester bond of a lipid acyl
donor is transferred to an acyl acceptor to form a new ester; and
(b) the enzyme comprises the amino acid sequence motif GDSX, wherein X is one
or more of the following amino acid residues L, A, V, LF, Y, H, Q, T, N, Mor S.

15. A process according to claim 14 wherein the X of the GDSX motifis L
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16. A process according to any one of the preceding claims wherein the hpid
acyltransferase comprises one or more of the following amino acid sequences: SEQ
ID No. 1, SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID

- No. 7, SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No.
12, SEQ ID No. 13, SEQ ID No. 14, or SEQ ID No. 15, SEQ ID No. 16, SEQ ID
No. 17, SEQ ID No. 18, SEQ ID No. 36, SEQ ID No. 38, SEQ ID No. 40, SEQ ID
No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No. 50 or an amino acid sequence
which has 75% or more identity thereto.

17. A process according to claim 16 wherein the lipid acyltransferase comprises
one or more of the following amino acid sequences: SEQ ID No. 3, SEQ ID No. 4,
SEQ ID No. 1 or SEQ ID No. 15 or SEQ ID No. 15, or an amino acid sequence

which has 75% or more identity thereto.

18. A process according to claim 16 wherein the lipid acyltransferase comprises
one or more of the following amino acid sequences: SEQ ID No. 36, SEQ ID No.
38, SEQ ID No. 40, SEQ ID No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No.
50, or an amino acid sequence with at least 70% identity thereto.

19. A process according to claim 16 wherein the lipid acyltransferase comprises
one or more of SEQ ID No. 17 or SEQ ID No. 18, or an amino acid sequence with

70% or more homology thereto.

20. A process according to claim 16 wherein the lipid acyltransferase comprises
the amino acid sequence shown as SEQ ID No. 16, or an amino acid sequence

which has 75% or more homology thereto.

21. A process according to claim 16 wherein the lipid acyltransferase comprises

the amino acid sequence shown as SEQ ID No. 16.

22. A process according to claim 10 wherein the lipid acyitransferase is
characterised in that the enzyme comprises the amino acid sequence motif
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GDSX, wherein X is one or more of the following amino acid residues L, A, V,
LF,Y,H,Q,T,N, M or S, and wherein the variant enzyme comprises one or
more amino acid modifications compared with a parent sequence at any one or

more of the amino acid residues defined in set 2 or set 4 or set 6 or set 7.

A process according to claim 22 wherein the lipid acyltransferase comprises an
amino acid sequence shown as SEQ ID No. 34, SEQ ID No. 3, SEQ ID No. 4,
SEQ ID No. §, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 19,
SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, SEQ ID No. 13, SEQ ID No.
14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25, SEQ ID No. 26, SEQ ID
No. 27, SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, SEQ ID No. 31, SEQ
ID No. 32, or SEQ ID No. 33 except for one or more amino acid modifications
at any one or more of the amino acid residues defined in set 2 or set 4 or set 6

or set 7 identified by sequence alignment with SEQ ID No. 34.

A process according to claim 23 wherein the lipid acyltransferase comprises
the sequence shown as SEQ ID No. 34 or SEQ ID No. 35 except for one or
more amino acid modifications at any one or more of the amino acid residues

defined in set 2 or set 4 or set 6 or set 7.
A process according to any one of claims 10, 23 or 24 wherein the lipid
acyltransferase comprises the amino acid sequence shown as SEQ ID No. 16 or

an amino acid sequence with 75% or more homology thereto.

A process according to any one of claims 10, 23 or 24 wherein the lipid

acyltransferase comprises the amino acid sequence shown as SEQ ID No. 16.

A process according to any one of the preceding claims wherein there is less
than 1% water in the edible oil during treatment.

A process according to claim 27 wherein there is less than 0.5% water.
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29. A process according to claim 28 wherein there is less than 0.1% water.

30. A process according to any one of the preceding claims wherein the process

31.

32.

33.

34,

35.

36.

37.

comprises removing the lysophospholipids produced by the action of the lipid
acyltransferase by filtration.

Use of a lipid acyltransferase in the degumming of edible oils to remove
phospholipids and, optionally, to increase the formation of sterol esters and/or

stanol esters in the oil.

Use according to claim 31 where there is no significant increase in the free
fatty acids in the oil following treatment.

Use according to claim 31 or claim 32 wherein the phospholipid is a lecithin.

Use according to any one of claims 31-33 wherein the lipid acyltransferase is a

natural lipid acyltransferase.

Use according to any one of claims 31-33 wherein the lipid acyliransferase is a
variant lipid acyltransferase,

Use according to any one of claims 31-35 wherein said lipid acyliransferase is
obtainable from organisms from one or more of the following genera:
Aeromonas, Streptomyces, Saccharomyces, Lactococcus, Mycobacterium,
Streptococcus, Lactobacillus, Desulfitobacterium, Bacillus, Campylobacter,
Vibrionaceae, Xylella, Sulfolobus, Aspergillus, Schizosaccharomyces, Listeria,
Neisseria, Mesorhizobium, Ralstonia, Xanthomonas, Candida, Thermobifida
and Cor)mcbacteﬁmn.

Use according to any one of claims 31-36 wherein the lipid acyliransferase is
obtainable from one or more of Aderomonas hydrophila, Aeromonas

salmonicida, Streptomyces coelicolor, Streptomyces rimosus, Streptomyces
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thermosacchari, Streptomyces avermitilis, Mycobacterium, Streptococcus
pyogenes, Lactococcus lactis, Streptococcus pyogenes, Streptococcus
thermophilus, Lactobacillus helveticus, Desulfitobacterium dehalogenans,
Bacillus sp, Campylobacter jejuni, Vibrionaceae, Xylella fastidiosa, Sulfolobus
solfataricus, Saccharomyces cerevisiae, Aspergillus terreus,
Schizosaccharomyces pombe, Listeria innocua, Listeria monocytogenes,
Neisseria meningitidis, Mesorhizobiwm loti, Ralstonia solanacearum,
Xanthomonas campestris, Xanthomonas axonopodis  Candida parapsilosis,

Thermobifida fusca and Corynebacteriumn efficiens.

38. Use according to any one of claims 31-37 wherein the lipid acyltransferase is
characterised in that:

(iti)  the lipid acyltransferase possesses acyltransferase activity which may
be defined as ester transfer activity whereby the acyl part of an original
ester bond of a lipid acyl donor is transferred to an acyl acceptor to
form a new ester; and

(iv) the enzyme comprises the amino acid sequence motif GDSX, wherein
X 1s one or more of the following amino acid residues L, A, V, L F, Y, -

HQT,N,MorS.
39. Use according to claim 38 wherein the X of the GDSX motifis L

40. Use according to any one of claims 31-39 wherein the lipid acyltransferase
comprises one or more of the following amino acid sequences: SEQ ID No. 1,
SEQ ID No. 3, SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, 'SEQ ID No. 7,
SEQ ID No. 8, SEQ ID No. 9, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No.
12, SEQ ID No. 13, SEQ ID No. 14, or SEQ ID No. 15, SEQ ID No. 16, SEQ
ID No. 17, SEQID No. 18, SEQ‘ID No. 36, SEQ ID No. 38, SEQ ID No. 40,
SEQ ID No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No. 50 or an amino

acid sequence which has 75% or more identity thereto.
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41. Use according to claim 40 wherein the lipid acyltransferase comprises one or
more of the following amino acid sequences: SEQ ID No. 3, SEQ ID No. 4,
SEQ ID No. 1 or SEQ ID No. 15 or SEQ ID No. 15, or an amino acid sequence
which has 75% or more identity thereto.

42. Use according to claim 40 wherein the lipid acyltransferase comprises one or
more of the following amino acid sequences: SEQ ID No. 36, SEQ ID No. 38,
SEQ ID No. 40, SEQ ID No. 41, SEQ ID No 45, SEQ ID No. 47, SEQ ID No.
50, or an amino acid sequence with at least 70% identity thereto.

43. Use according to claim 40 wherein the lipid acyltransferase comprises one or
more of SEQ ID No. 17 or SEQ ID No. 18, or an amino acid sequence with

70% or more homology thereto.

44. Use according to claim 40 wherein the lipid acyltransferase comprises the
amino acid sequence shown as SEQ ID No. 16, or an amino acid sequence

which has 75% or more homology thereto.

45, Use according to claim 40 wherein the lipid acyltransferase comprises the

amino acid sequence shown as SEQ ID No. 16.

46. Use according to claim 35 wherein the lipid acyltransferase is characterised in
that the enzyme comprises the amino acid sequence motif GDSX, wherein X is
one or more of the following amino acid residues L, A, V,LF, Y, H,Q T, N,
M or S, and wherein the variant enzyme comprises one or more amino acid
modifications compared with a parent sequence at any one or more of the

amino acid residues defined in set 2 or set 4 or set 6 or set 7.

47. Use according to claim 46 wherein the lipid acyluanéferase comprises an
amino acid sequence shown as SEQ ID No. 34, SEQ ID No. 35, SEQ ID No. 3,
SEQ ID No. 4, SEQ ID No. 5, SEQ ID No. 6, SEQ ID No. 7, SEQ ID No. §,
SEQ ID No. 19, SEQ ID No. 10, SEQ ID No. 11, SEQ ID No. 12, SEQ ID No.
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13, SEQ ID No. 14, SEQ ID No. 1, SEQ ID No. 15, SEQ ID No. 25, SEQ ID
No. 26, SEQ ID No. 27, SEQ ID No. 28, SEQ ID No. 29, SEQ ID No. 30, SEQ
ID No. 31, SEQ ID No. 32, or SEQ ID No. 33 except for one or more amino
acid modifications at any one or more of the amino acid residues defined in set
2 or set 4 or set 6 or set 7 identified by. sequence alignment with SEQ ID No.
34.

Use according to claim 47 wherein the lipid acyltransferase comprises the
sequence shown as SEQ ID No. 34 or SEQ ID No. 35 except for one or more
amino acid modifications at any one or more of the amino acid residues defined

in set 2 or set 4.or set 6 or set 7.
Use according to claim 35 wherein the lipid acyltransferase comprises the
amino acid sequence shown as SEQ ID No. 16 or an amino acid sequence with

75% or more homology thereto.

Use according to claim 49 wherein the lipid acyltransferase comprises the

amino acid sequence shown as SEQ ID No. 16.

Use according to any one of claims 31 to 50 wherein there is less than 1%

water in the edible oil during treatment.
Use according to claim 51 wherein there is less than 0.5% water.
Use according to claim 52 wherein there is less than 0.1% water.

A lipid acyltransferase comprising the amino acid sequence shown as SEQ 1D
No. 16.

A lipid acyltransferase as hereinbefore described with reference to the

accompanying description and figures.
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56. A method as hereinbefore described with reference to the accompanying

description and the figures.

57.A use as hereinbefore described with reference to the accompanying

description and figures.
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FIGURE 5
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FIGURE 6
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FIGURE 7

m

mhéozoeﬁf Q




PCT/GB2005/002823

WO 2006/008508

8/37




oy

PCT/GB2005/002823

WO 2006/008508

9/37

FIGURE 9




-

WO 2006/008508 PCT/GB2005/002823

10/37
FIGURE 10

SEQ ID No. 16

1 ADTRPAFSRI VMFGDSLSDT GKMYSKMRGY LPSSPPYYEG RFSNGPVWLE QLTKQFPGLT
61 TIANEAEGGAT AVAYNKISWD PKYQVINNLD YEVTQFLOKD SFKPDDLVIL WVGANDYLAY
121 GWNTEQDAKR VRDAISDAAN RMVLNGAKQI LLFNLPDLGQ NPSARSQKVV EAVSHVSAYH
181 NKLLLNLARQ LAPTGMVKLF EIDKQFAEMI. RDPONFGLSD VENPCYDGGY VWKPFATRSV
241 STDRQLSAFS PQERLATAGN PLLAQAVASP MARRSASPLN CEGKMFWDOV HPTTVVHAAL
301 SERAATFIET QYEFLAHG

FIGURE 11

(SEQ ID No. 1)

1 MKEWFVCLLG LVALTVQOAAD SRPAFSRIVM FGDSLSDTGK MYSKMRGYLP

51 SSPPYXYEGRF SNGPVWLEQL TRQFPGLTIA FKEAEGGATAV AYNRISHNPK
101 YQVINNLDYE VTQFLORKDSF KPDDLVILWY GANDYLAYGW RTEQDAKRVR
151 DAISDARNRYM VLNGAKQILL FNLPDLGONP SARSQEKVVEA VSHVSAYHNQ
201 LLLNLARQLA PTGMVRLFEI DRKOFAEMLRD PONFGLSDVE WPCYDGGYVH
251 KPFATRSVST DRQLSAFSPQ ERLAIAGNPL LAQAVASPMA RRSASPLNCE
301 GKMFWDQVHP TTVVEAALSE RAATFIANQY EFLAH*

FIGURE 12

(SEQ ID No. 2)

1 ivafGD51Td geayygdsdg ggwgagladr Ltallrlrar prgvdvfnrg isGrtsdGrl
61 ivbDalvallF lagslglpnl, pPYLsgdflr GANFAsaghAt Ilptsgpfli QvgFkdfksg
121 vlelrgalgl lgellrllpv ldakspdlivt imiGtNDlit saffgpkste sdxpvsvpef
181 kdnlrqlikr Lrsnngarii vlitlvilnl gplGClPlkl alalassknv dasgclerln
241 eavadfneal relaiskled gqlrkdglpdv kgadvpyvDl ysifqgdldgi gnpsayvyGF
301 ettkaCCGyG gryRynrvCG naglcnvtak aCnpssylls flfwngff@s ekGykavaea
361 1

FIGURE 13

(SEQ ID No. 3)

1 mkkwfvcllg lvaltvgaad srpafsrivm fgdslsdtgk myskmrgylp ssppyyegrf

61 sngpvwleql tmefpgltia neaeggptav aynkiswnpk ygvinnldye vtqflgkdsf
121 kpddlvilwv gandylaygw ntegdakrvr daisdaanrm vlingakeill fnlpdlgqop
181 sarsgkvvea ashvsayhng lllnlargla ptgmvklfei dkxgfaemlrd pgrfglsdqr
241 nacyggsyvw kpfasrsast dsqlsafnpg erlaiagnpl lagavaspma arsastlnce
301 glufwdgvhp ttvvhaalse paatfiesgy eflah
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FIGURE 14

SEQID No. 4

1 mkkwfvcllg lialtvgaad trpafsrivm fgdslsdtgk myskmrgylp ssppyyegrf

61 sngpvwlegl tkqfpgltia neaeggatav aynkiswnpk ygvynnldye vtqflgkdst

121 kpddlvilwv gandylaygw nteqdakrvr daisdaanrm vlngakgill f£nlpdlggnp

181 sarsgkvvea vshvsayhnk 1llmlargla ptgmvklfei dkgfaemlrd pgnfglsdve

. 241 npcydggyvw kpfatrsvst drglsafspg erlaiagnpl lagavaspma rrsasplince
301 gkmfwdgvhp tivvhaalse raatfietqy eflahg

FIGURE 15

SEQ ID No. 5

1 mpkpalrrvm tatvaavgtl algltdatah aapagatptl dyvalgdsys agsgvlpvdp
61 anllclrsta nyphviadtt garltdvteg aaqgtadftra qypgvapgld algtgtdivt
121 ltiggndnst finaitacgt agvlsggkgs pckdrhgtsf ddeieantyp alkeallgvr
181 arapharvaa lgypwitpat adpscflklp laagdvpylr aigahlndav rraaeetgat
241 yvdfsgvsdg hdaceapgtr wiepllfghs lvpvhpnalg errmaehtmd vlgld

FIGURE 16

SEQ ID No. 6

1 mpkpalrrvm tatvaavgtl algltdatah aapagatptl dyvalgdsys agsgvlpvdp
61 anilclrstz nyphviadtt garltdvicg asgtadftra qypgvapald algtgtdlvt
121 ltiggndnst finaitacgt agvlsggkgs pckdrhgtsf ddeieantyp alkeallgvr
181 arapharvaa lgypwitpat adpscflklp laagdvpylr aigahindav xrraaeetgat
241 yvdfsgvsdg hdaceapgtr wiepllfghs lvpvhpnalg errmaehtmd vigld

FIGURE 17

SEQ ID No. 7

1 mdyekfllfg dsitefafnt rpiedgkdgy algsalvney trkmdilgrg fkgytsrwal
61 Xxilpeilkhe spnivmatifl gandacsagp gsvplpefid rirgmvsimk sybirpiiig
121 pglvdrekwe kekseeialg yfritmenfal ysdalaklan eekvpivaln kafggeggda
181 wgqlltdglh fsgkgykifh dellkvietf ypqyhpknmg yklkdwxdvl ddgsaims
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(SEQ ID No. 8)
10 20 30 a0 50 60

H | } l } I
MNLROWMGDA TAALALGLAR CGGGGTDQSG NPHVAKVQRM VVFGDSLSDI GTYTPVAQAV

70 80 90 100 110 120

I | I I 1 1
GGGKFTYNPG PIWAETVAAQ LGVILTPAVM GYATSVONCP KAGCFDYRQG GSRVIDPRGI

130 140 15¢ 160 170 180

I ] i 1 4 |
GHRGGAGALT YPVQQQLANF YARSNRTFNG NNDVVEFVLAG SNDIFFWITA AATSGSGVIP

190 200 210 220 230 240

) I i - { l
AIATAQVOOA ATDLVGYVKD MIARGATQVY VENLPDSSLT PDGVASGTTG QALLHALVGT

250 260 270 280 290 300

1 ! ! ] } l
FNTTLOSGLA GTSARIIDFN AQLTARIQNG ASFGFARTSA RACDATKINA LVPSAGGSSL

310 320 330 340

1 } 1 I
FCSANTLVAS GADQSYLFAD GVHPTTAGHR LIASNVLARL LADNVAH
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FIGURE 19 (SEQ ID No. 9)

1 migsyvavgd sfiegvgdpg pdgafvgwad daviladir pegdfiyin! avigsiidgi
61 vaegvprvvg lapdivsiaa ggndirpgt dpdevaerfe lavaallaae givivitgid
121 trgvpvikh! rgklatyngh vraiadryge pvidiwslrs vadmawdad rihispeght
181 rvalraggal glrvpadpdy pwpplpprgt idvivddvhw areylupwig mirgessgd
241 hvtakgtisp daktriaav a

FIGURE 20

(SEQ ID No. 10)

1 mginpayls! vavgdsiieg msdiipdgsy sgwadllatr maarspgiry anlavrgkli
61 ggivdegvdv aaamgadvit Mggindlly pkedmarvrd lgaveria pheegivimy
121 spgragpvie ritprmeaf aviddlagrh gavwvdiyga gsiadprmwd vdrihitaeg
181 hnvaeavwy sighepedpe whapipaipp pgwvintad vifarghlip wigritgrs
241 sgdgipakip diipyedpar

FIGURE 21
(SEQ ID No. 11)

1 mtrgrdggag apptkhralt aaivilivai saziyagasa digsrdhalq aggriprgda
61 apastgawvg awatapaaae pytetiglag rsvmvvihts vggtgariti snlyggsplt
121 vthasialaa gpdtaaaiad tnmnritiggs arviipaggg vinsdiasiai pyganvivit
181 yspipsgpvt yhpgargtsy ladgdriadv tavaytipltp ywryltaldv Isheadgtvy
241 afgdsitdga rsgsdanhiw tdviaarihe aagdgrdipr ysvvnegisg nriltsrpar
301 padnpsgisr fqrdviertn vkavvwvigv ndvinspela drdaillgl tivdraharg
361 invvgatitp fagyugytea retmrgevne eirsgrvidt vedfdkalrd pydprmisd
421 ydsgdhhpg dkgyanmgav idlaakgaa pvka

FIGURE 22 (SEQ ID No. 12)

1 mismsrarva friaagaayg gygiglagaa avgivvaevq lamvgvot pirvpnaggl

61 ygatiptagd ppirimmigd staagqgvhr agglpgatla sglaavaerp viigsvaqpg
121 acsddldrgv alvizepdry pdicvimvga ndvihempat rsvrhissav nitagaev.
181 wgtcpdigt ienvraphw larrasrata aagtigaveq ggrivsigd! igpefagnpr
241 e¥gpdnyhp saegyataam avipsveaal giwpadeehp dalmegflp varasaeaas
301 eagtevaaam pigprgpwal kaTnTvs eaepsspsgv

FIGURE 23 (SEQ ID No. 13)

1 mgrgidqstr ygnarval aaltaavigy gvagedsvgg dspapsgsps krirtapawd
61 tspasvaavg dsitrgfdac avisdcpevs watgssakvd slaviligka daachswnya
121 vigarmadl agqviraagre pelvavmaga ndacrstisa mipvadirag feeamatirk
181 kipkagvyvs sipdiriws qorinplgkq vwkigicpsin Igdadsidsa atinntvid
241 rvadynevir evcakdrrer sddgavhefr fgtdgishwd whhpsvdgqa faeiayrav
301 taknp
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FIGURE 24 (SEQ ID No. 14)

1 mrisiraata safllipala Hgasaavsa prigatdyva lgdsyssgvg e.rs_;syﬂsssgs
. 61 ckrstksypa lwaashigtr fnftacsgar tgdviakgh pvnsgtdivs ifiggndagf
121 adimiicnlg gesaclaria karayiqafi paqidquyda idsrapaagy wigypsfyk
181 iggscavgls eksraainaa addinavtak raadhgfafg dvittfaghe tosgapwihs
241 viipvensyh ptanggskgy Ipvinsat

FIGURE 25 (SEQ ID No. 15)

1 MERKWFVCLLG LIALTVQAAD TRPAFSRIVM FGDSLSDTGK MYSKMRGYLP
51 SSPPYYEGRF SNGPVWLEQL TKQFPGLTIA NEAEGGATAV AYNKISWNPK
101 YQVINNLDYE VTQFLOKDSF KPDDLVILWV GANDYLAYGW NTEQDAERVR
151 DAISDAANEM VINGAKQILL FNLPDLGQNP SARSUKVVEA VSHVSAYHNK
201 ILLNIARQLA PTGMVKLFEI DKQFAEMLRD PQNFGLSDVE NPCYDGGYVW
251 KPFATRSVST DRQLSAFSPQ ERLATAGNPL LAQAVASPMA RRSASPLNCE

301 GRMFWDQVEP TTVVBAALSE RAATFIETQY EFLAHG*

PCT/GB2005/002823
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FIGURE 26
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F,’surr, 28 (SEQIDNO. ]7)
17137

Met Arg Tyr Phe Ala Ile Ala Phe Leu Leu lle Asn Thr Ile Ser Ala
5 10 . 15
Vall.enmz.aP:oLysLys Pro Ser Gln Asp Asp Fhe Tyr Thr Pro
0 25 30
GlnG%g?yrGlnAlaGlnP:oIeumySerneLenLya Thr Arg
40 45
Val Pro Asn Pro Leu Thr Asn Val Phe Thr Pro Val Lys Val Gln
50 §5 60
Ala Trp Gln Leu Leu Val Arg Ser Glu Asp Thr Phe Gly Asn Pro
: 70 75 80
Ala Ile Val Thr Thr Ile Ile Gin Pro Phe Asn Ala Lys Lys Asp
85 20 85
Leu Val Sexr Tyr Gln Thr Phe Glu Asp Ser Gly lys leu Asp Cys
100 105 110
Pro Ser Tyr Ala Ile Gln Tyr Gly Ser Asp Ile Ser Thr Leu Thr
115 120 125
Gln Gly Glu Met Tyr Tyr Ile Ser ala Leu Leu Asp Gln Gly Tyr
130 135 140
Val Val Thr Pro Asp Tyz Glu Gly Pro Lys Ser Yhr Phe Thr Val
150 155 160
Gly Leu Gln Ser Gly Arg 2Ala Thr Leu Asn Ser Leu Arg Ala Thr Leu
165 170 175
Lys Ser Gly Asn Leu Thr Gly Val Ber Ser Asp Ala €lu Thr Leun Ieu
180 185 150
7Trp Gly Tyr Ser Gly Gly Ser Lem Ala Ser Gly Trp Alz Ala Ala Ile
195 200 205
Gln Lys Glu Tyr Ala Pro Glu Leu Ser Lys Asn Leu Leu Gly Ala Ala
210 215 220
Leu Gly Gly Phe Val Thr Asn Ile Thr Ala Thr Ala Glu Ala Val Asp
225 230 235 240
Ser Gly Pro Phe Ala Gly Ile Ile Ser asn Ala leu Ala Gly Ile Gly
245 250 255
Asn Glu Tyr Pro Asp Phe Lys Asn Tyr Leu Leu Lys Dys Val Ser Pro
260 265 270
leu Leu Ser Ile Thr Tyr Arg leu Gly Asn Thr Bis Cys Leu Leu Asp
275 280 2B5
Gly Gly Ile Rla Tyr Fhe Gly Lys Ser Phe Phe Sex Arg Ile Ile Arg
250 295 300
Tyr Phe Pro Asp Gly Z?rp Asp Leu Val Asn Gln Glu Pro Ile Lys Thr
305 310 315 - . 320
Ile Leu Gln Asp Asn Gly Leu Val Zyr Gln Pro Lys Asp Leu Thr Pro
325 330 ° 335
6ln Ile Pro Len Phe Ile Tyr Bis Gly Thr Len 2sp Ala lle Val Pro
340 345 350

s BB S Bab ¥ ¥ B

Ile Val Asn Ser Arg Lye 'fhrplég €ln Gln'frprsI;:ganlyLeu
355 3

Lys Ser Gly Glu Tyx Asn Glu Asp Leu Thr Asn ggg Eis Ile Thr Glu

370 375

Ser Ile Val Gly Ala Pro Ala Ala Leu Thr §:9:§ Ile Ile Asn Arg f!;;

385 350 .

Asn Gly Gln Pro Pro Val Asp Gly Cys €ln His Asn Vel Arg Ala Ser

405 - 410 415

Asn Leu Gla Tyr Pro Gly Thr Pro Gln Ser Ile Lys Asn Tyr Phe 6ln

: 420 425 : 430

Ala Ala Leun Bis Ala Ile Leu 6ly Phe Asp Leu Gly Pro Asp Val Lys
435 - 440 445
Drg Asp Lys Val Thr leu €ly Gly Leu Leu Lys Len Glu Arg Fhe Rla
450 455 460
Phe
4865
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( sec ro. ]3)

Me"a.:gTszheAla Ile Ala Phe Len Lemn
1
Phe Val Leu Ala

20

Pro Gin Gly Pyr
35

Asn Val Pro Asn

50
Bsn Rla Txp
65 |
Asn Ala
Lys Len Val
Ala Pro Ser
115
Ry

val

Thr Gln
130
Tyr val
145
Gly Leu Gln

Lys 8Ser Gly

Trp 6ly Tyr

185

Gln Lys Glu
210

Len Gly Gly
225
Ser Gly Pro

Asn 6lu Tyr

Ser
275

Leu Len

Gly Gly Ile Ala Tyr Phe gly Lya
95

290
Tyr Phe
305
Ile Leu

6ln

Ile Val

Sexr
100
Tyr

Glu
Thr
Ser
2sn

180
Sexr

Tyr
Fhe

Phe

Pro Asp Phe Lys Asn

260

18/37

10

Ile 2an Thr

Pto Lys Lys Pro Ser Gln Asp Asp Fhe
25

GluuaelnP:oLenGly

40

Pro Leu Thr Asn Val Phe
55

Leu Leu Val Arg. Ser Glu

Thr Thr Ile Ile

85

Tyr Gln Thr Phe
Rla Ile Gln Tyr
Met Tyr Tyr lle
Pro Asp Tyr Gln
Gly Arg Ala Thr

185

Leu Thr Gly Val
Gly Gly Ser Leu

Ala Pro Glu lLeu

Rla Gly Ile Ile

245

70

150

230

135

215

Val Thr Asn Ile

Gln Pro
80

Glu Asp

105

Gly Ser

120

Ser Ala

€ly Pro

Leu Asn
170

Ser Sex

185

Ala Ser

200

Ser lLys

Thr 2Ala

Ser Asn

250
Ty Leu
265

Ile Thr Tyr Arg Leu Gly Asn

325

310

280
Ser Phe

Pro Asp Gly Irp Asp leu Val Asn
Glp Asp Asn Gly Leu Val Tyr Glm

330

Ser Ile I=u

45

Thr Pro V2l
60

Asp Thr Phe
75 .

Phe Asn Ala

Ser Gly Lys

Asp Ile Ser
125
Len Ieu Asp
140
Lys Ser Thr
155
Ser leu Arg

Bsp Ala Glu

Gly Trp Ala
205
Asn Len Leu
220
Thr Ala Glu
235
Ala Leu Ala

Leu Lys Lys

Thr Bis Cys.

. 2BS
Phe Ser RArg
300
Gln Gla Pro
315
Pro Lys Asp

PCT/GB2005/002823

Ile Ser Ala

Lys Lys 2sp
o5

Leu Asp Cys
110

Thr len Thr
Gln Gly Tyr
Phe Thr Val

Ala Val Asp

Gly Ile Gly
255
Val Ser Pro

270
Len Leun Asp

Ile Jle Arg

Ile Lys Thr

320

Leu Thr Pro
335

Gln Ile Pro Leu Phe Ile Tyr Ris Gly Thr Leu Asp Ala Ile Val Pro
340 350
Ile Val Agrg Sex Arxg Lys Thr Phe Gln 6ln Trp Cys Asp Trp 61y leu
3 360

Lys Ser Gly Glu Tyr Asn Glu Asp Leu Thr Asn Gly H.Ls Ile Thr Glu
370 375 380
Ser Ile Val Gly Ala Pro Ala Ala Leu Thr Prp Ile Ile Asn Arg Phe
385 390 335 400
Asn Gly Gln Pro Pro Val Asp Gly Cys 6ln Els Asn Val Arg Ala Ser
405 410 415
BAsn Leu Glu Ty-:: Pro Gly Thr Pro Gln Ser Ile Lys Asn Pyr Phe Glu
425 430
Gly Phe Asp Leu Ely Pro Asp Val Lys
440 445
Gly Leun Leu Iys Leu Glu Arg Fhe Ala
460

Ala Ala Len Eis Ala Ile Len
435
Arg Asp Lys Val Thr Leu Gly
450 455
Phe Bis His His His His His
465 470
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FIGURE 31
(SEQ ID No. 19)

1 migsyvavgd sfiegvodpg pdgafvgwad riaviiadry pegdityin! avrgilidgi
61 vaeqvprvvg lapdivsfaa ggndispgt dpdevaerfe lavaaltaaa givivitgfd

121 trgvpvikhl rgkiatyagh vraiadryge pvidiwsirs vgdmawdad sihispeght

181 rvabagqal glrvpadpdy pwpplpprgt Idviddvhw areylvpwin nirgessgd

241 hvtakgtisp daiktrisav a

PCT/GB2005/002823
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21/37

(SEQ ID No. 25)

1
51
101
151
201
251
301

MFEFEKENFLV GLSAARLMSIS LFSATASAAS ADSRPAFSRI VHFGDSLSDT
GRMYSEMRGY LPSSPPYYEG RFSNGPVWLE QLTRQFPGLT IANEAEGGAT
AVAYREISWN PEKYQVINNLD YEVIQFLQED SFKPDDLVIL WVGANDYLAY
GWNTEQDAKR VRDAISDAAN RMVLNGAKQI LLFNLPDLGQ NPSARSQRVV
EAVSBVSAYH ROLLLNLARQ LAPTGMVELF EIDKOFAEMI, RDPONFGLSD
VERPCYDGGY VWRPFATRSV STDROLSAFS PQERLATAGN PLLAQAVASP
MARRSASPLN CEGRMFWDQV APTTVVHAAL SERAATFIAN QYEFLAH**

FIGURE 33

(SEQ ID NO. 26)
MRLTRSLSAASVIVFALLLALLGISPAQAAGPAYVALGDSYSSGNGAGSYIDSSGDCHRSN
NAYPARWAAANAPSSFTFAACSGAVTTDVINNQLGALNASTGLVSITIGGNDAGFADAMTT
CVTSSDSTCLNRLATATNYINTTLLARLDAVYSQIKARAPNARVVVLGYPRMYLASNPWYC
LGLSNTKRAAINTTADTLNSVISSRATAHGFRFGDVRPTFNNHELFFGNDWLHSLTLPVWE
SYHPTSTGHQSGYLPVLNANSST

PCT/GB2005/002823
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Figure 34
SEQ ID No. 27

ZP_00058717
1 miphpagerg evgaffallv gtpqdmir echetrplrg regegenrvp pltlpgdgvl

61 citsstrdae tvwrkhiqpr pdgefrphlg vecllagges pgviwegreg
121 pglsrtrngd ssppfragws Ippkogeisq sarkipavpr yslirtdrpd gprerfvesg

181 praaturrdf Jgipatvivt altlvlavpt gretlwrmwe eatqdwelgv pvdsrgqpae

241 dgefllispv qaatwenyya lgdsyssgdg ardyypgtav kggcwrsana ypelvaeayd
301 faghisflac sgqrgyamld aidevgsqld wasphtsivt igigendlgf stvikicmvr
361 vplidskact dgedairkrm akfettfeel isevrirapd arilvvgypr ifpeeptgay

421 ytitasnqrw Inetiqefng glacavavhd eeiaasggvg svefvdvyha Idgheigsde
481 pwvngvglrd latgvivdrs tthpnaaghr avgervieqi etgpgrplya tfavvagaty
541 dtlagevg

FIGURE 35

(SEQ ID No. 28)

1 mgsgpraatr rlflgipal vivtaltivl avptgretlw rmwceatqdw clgvpvdsrg
61 qpaedgefll Ispvqaatwg nyyalgdsys sgdgardyyp gtavkggewr sanaypelva
121 eaydfaghls flacsgqrgy amldaidevg sqldwnspht sivtigiggn dlgfstvikt
181 cravrvpllds kactdgedai damakdett feelisevrt rapdarilvy i
241 tgayytltas ngrwinetiq efogqlaeav avhdeeiaas ggvgsvefvd vyhaldghei
301 gsdepwvngv girdlatgvt vdrstihpna aghravgerv iegietgper plyatfavva
361 gatvdtlage vg . ’

FIGURE 36

(SEQ ID No. 29)

1 mrttviaasa Hllagcadg areetagapp gessggiree gaeastsitd vyialgdsya
61 amggrdqplr gepfclrssg nypellhaev tditcqeavt gdlleprtlg ertipaqvda
121 hedtilvtl sigendlgfg evagcoireri agenaddcvd Ilgetigeql dglppqldry
181 beairdragd aqvvvigylp Ivsagdcpel gdvseadrrw aveltggine tvreaaerhd
241 alfvipddad ebtscappqq rwadiggqqt dayplhptsa gheamaaavr dalglepvgp
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FIGURE 37

(SEQ ID No. 30)

ZP_00094165

1 mgqvklfarr capvllalag lapaatvare aplaegaryv algssfaagp gvgpoapgsp
61 ercgrgtiny philacalkl divdatcsga tthhvigpwa evppgidsva gdtrivilt
121 ggndvsfvgn ifaaacekma spdpregkwr eiteeewqad eermrsivrq iharaplarv
18} vvvdyitvip psgicaamai spdrlagsrs aakrlarita rvareegasl Ikfshisrrh
241 hpcsakpwsn glsapaddgi pvbparigha eaaaalvklv kimk //

FIGURE 38

SEQ ID No. 31
NP_625998.

1 murfrivgfl sslviaagaa ltgaatagaa qpaaadgyva lgdsyssgvg agsyisssgd
61 ckrstkabpy Iwaaahspst fdftacsgar tgdvisgqlg plssgtglvs isiggndagf
121 adtmttevlg sessclsria taeayvdstl pgkldgvysa isdkapuahv vvigyprfyk
181 lgttciglse tkrtainkas dhintvlagr aaahgfifgd vrtifighel csgspwihsv-

241 nwinigesyh ptaaggsggy Ipvingaa
/"
FIGURE 39
SEQ ID No. 32
NP_827753.

1 mursritayv tsillavgea ligaatagas paaaatgyva lgdsyssgve agsylsssgd
61 ckrsskaypy Iwqaahspss fsfinacsgar tgdvlanglg tinsstglvs ldggndagf
121 sdvmttcvlq sdsaclsrin takayvdstl pggldsvyta istiapsahv avlgyprfyk
181 lggsclagls etkrsainda adylnsaiak raadhgfifg dvkstftghe icssstwlhs

p 241] ldliniggsy bptaapqsgg ylpvmnsva

FIGURE 40
SEQ ID No. 33

PCT/GB2005/002823

MRLTRSLSAASVIVFALLLALLGISPAQAAGPAYVALGDSYSSGNGAGSYIDSSGDCHRSN
NAYPARWAAANAPSSFTFAACSGAVTTDVINNQLGALNASTGLVSITIGGNDAGFADAMIT
CVTSSDSTCLNRLATATNYINTTLLARLDAVYSQIKARAPNARVVVLGYPRMYLASNPWYC
LGLSNTERAAINTTADTLNSVISSRATAHGFRFGDVRPTFNNHELFFGNDWLHSLTLPVWE

SYHPTSTGHQSGYLPVLNANSST
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FIGURE 42
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FIGURE 44

(SEQ ID No. 34)

ADSRPAFSRIVMFGDSLSDTGKMYSKMRGYLPSSPPYYEGRFSNGPVWLEQLTNEFPG
LTIANEAEGGPTAVAYNKISWNPKYQVINNLDYEVTQFLQKDSFKPDDLVILWVGANDYL
AYGWNTEQDAKRVRDAISDAANRMVLNGAKEILLFNLPDLGQONPSARSQKVVEAASHY
SAYHNQLLLNLARQLAPTGMVKLFEIDKQF AEMLRDPQNFGLSDQRNACYGGSYVWKP
FASRSASTDSQLSAFNPQERLAIAGNPLLAQAVASPMAARSASTLNCE
GKMFWDQVHPTTVVHAALSEPAATFIESQYEFLAH

FIGURE 45

(SEQ ID No. 35)

61
121
181
241
301

ADTRPAFSRI VMFGDSLSDT GKMYSKMRGY LPSSPPYYEG RFSNGPVWLE QOLTKQFPGLT
IANEAEGGAT AVAYNKISWN PKYQVINNLD YEVTQFLOKD SFKPDDLVIL WVGANDYLAY
GWNTEQDAKR VRDAISDAAN RMVLNGAKQI LLEFNLPDLGQ NPSARSQKVV EAVSHVSAYR
NKLLLNLARQ LAPTGMVKLF EIDKQFAEMI, RDPONFGLSD VENPCYDGGY VWKPFATRSV
STDROLSAFS PQERLATAGN PLLAQAVASP MARRSASPLN CEGKMFWDOV HPTTVVHAAL
SERAATFIET QYEFLAHG
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FIGURE 46

(SEQ ID No. 36)

ACAGGCCGATGCACGGAACCGTACCTTTCCGCAGTGAAGCGCTCTCCCCCCATCGTTCGE
‘CGGGACTTCATCCGCGATTTIGGCATGAACACTTCCTTCAACGCGCGTAGCTT GCTACAA
GTGCGGCAGCAGACCCGCTCGTTGGAGGCTCAGTGAGATTGACCCGATCCCTGTCGGCCE
CATCCGTCATCGTCTTCGCCCTGCTGCTCGCGCTGCTGGGCATCAGCCCGGCCCAGGCAG
CCGGCCCGGCCTATGTGGCCCTGGGGGATTCCTATTCCTCGGGCAACGGCGCCGGAAGTT
ACATCGATTCGAGCGGTGACTGTCACCGCAGCAACAACGCGTACCCCGCCCGCTGGGCGG
CGGCCAACGCACCGTCCTCCTTCACCTTCGCGGCCTGCTCGGGAGCGGTGACCACGGATG
TGATCAACAATCAGCTGGGCGCCCTCAACGCGTCCACCGGCCTGGTGAGCATCACCATCG
GCGGCAATGACGCGGGCTTCGCGBACGCGATGACCACCTGCGTCACCAGCTCGGACAGCA
CCTGCCTCAACCGGCTGGCCACCGCCACCAACTACATCAACACCACCCTGCTCGCCCGGE
TCGACGCGGTCTACAGCCAGATCAAGGCCCGTGCCCCCAACGCCCGCGTGGTCGTCCTCG
GCTACCCGCGCATGTACCTGGCCTCGAACCCCTGGTACTGCCTGGGCCTGAGCAACACCA
AGCGCGCGGCCATCAACACCACCGCCGACACCCTCAACTCGGTGATCTCCTCCCGGGCCA
CCGCCCACGGATTCCGATTCGGCGATGTCCGCCCGACCTTCAACAACCACGAACTGTTCT
TCGGCAACGACTGGCTGCACTCACTCACCCTGCCGGTGTGGGAGTCGTACCACCCCACCA
GCACGGGCCATCAGAGCGGCTATCTGCCGGTCCTCAACGCCAACAGCTCGACCTGATCAA
CGCACGGCCGTGCCCGCCCCGCGCGTCACGCTCGGCGCGGGCGCCGCAGCGCGTTGATCA
GCCCACAGTGCCGGTGACGGTCCCACCGTCACGGTCGAGGGTGTACGTCACGGTGGCGCC
GCTCCAGAAGTGGAACGTCAGCAGGACCGTGGAGCCGTCCCTGACCTCGTCGAAGAACTC
CGGGGTCAGCGTGATCACCCCTCCCCCGTAGCCGGGGGCGAAGGCGGCGCCGAACTCCTT
GTAGGACGTCCAGTCGTGCGGCCCGGCGTTGCCACCGTCCGCGTAGACCGCTTCCATGGT
CGCCAGCCGGTCCCCGCGGAACTCGGTGGGGATGTCCGTGCCCAAGGTGGTCCCGGTGGT
GTCCGAGAGCACCGGGGGCTCGTACCEGGATGATGTGCAGATCCAAAGAATT

FIGURE 47

(SEQ ID NO. 37):

MRLTRSLSAASVIVFALLLALL GISPAQAAGPAYVALGDSYSSGNGAGSYIDSSGDCHRSN
NAYPARWAAANAPSSFTFAACSGAVTTDVINNQLGALNASTGLVSITIGGNDAGFADAMTT
CVTSSDSTCLNRLATATNYINTTLLARLDAVYSQIKARAPNARVVVLGYPRMYLASNPWYC
LGLSNTKRAAINTTADTLNSVISSRATAHGFRFGDVRPTFNNHEL FFGNDWLHSLTLPVWE
SYHPTSTGHQSGYLPVLNANSST '
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FIGURE 48

SEQ ID No. 38

1 miphpagerg evgaffallv gtpqdrirl echetipirg regegenrvp plipgdgvi
61 citsstrdae tvwrkhigpr pdggfrphig vgcllagags pgviwcgreg crfeverrdt
121 pgisrtmgd ssppiragws Ippkcgeisq sarkipavpr yslirtdrpd gprorfvgsg
181 praatnif Igipalvivt altiviavpt gretiwrmwe eatqdweigy pvdsrggpae
241 dgefllispv gaatwgnyya lgdsyssgdg ardyypgtav kggcwrsana ypelvaeayd
301 faghlsflac sggrgyamid aidevgsqld wnsphisivt igiggndigf stvikicmvr
361 vplldskact dqedairkrm akfettfeel isevitrapd aritvvgypr lipeeptgay
421 ytitasngrw Inetiqefng qlaeavavhd eeiaasggvg svefvdvyha ldgheigsde
481 pwvngvqlird lafgvtvdrs thpnaaghr avgervieqi etgpgrplya tfavvagatv
541 dilagevg
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FIGURE 49

(SEQ ID No. 39)

1 ggtggtgaac cagaacacce ggtcgicgge gtgggeglee aggtgcaggt geaggtictt

61 caacigcice agecaggatge cgeegtggee gigeacgatg gectigggea ggectgiggt

121 cccegacgag tacageacee atageggaty gtegaacgge ageggagiga actccagtic
181 cgegecticg ceccgeggett cgaacteege ceaggacagg gigicggega cagggeegea
241 gececaggtac ggcaggacga cggigtgety caggetggac atgecgtege geagagetit
301 gagcacgica cggeggicga agtectiace geegtagegg tagecgteea cggecageag
361 cactttcggt tegatcigeg cgaaccggic gaggacgelg cgeacceega agicagggga
421 acaggacgac caggicgcac cgatcgegge gecaggegagg aatgeggeeg togectogge
481 gatgticgge aggtaggeca cgacceggte gecggggeee acecegagge fgcagagage
541 cgcagcegaic geggeaggige ggglecgeag tictcoeeag giccacicgg teaacggecy
601 gagttcggac gegtgeegga tegecacgge tgatgggtca cggtegegga agatgtacic
661 ggcgtagttg agggiggege cggggaacca gacggegecy ggcatggegt cugaggcgag
721 cacigtggtg tacggggtgg cggcgegeac coggtagtac toccagalcg cggaccagaa
781 tecticgagg tcggttaccg accagegeca cagtgecteg tagtceggig cgtecacace

841 geggtgcice cgeaccecage gggigaacge ggtgagatig gegegtictt tgegetecte

901 gicgggackc cacaggatcg geggetgeng cligagigle algaaacgeg accecticgt
961 ggacggigeg gatgeggtga gegleggoty cotecectaa cgeteecegg tgacggagty
1021 tigtgcacca catctageac gegggacgeg gaaacegtat ggagaaaaca colacaacce
1081 cggceggacy gigagtitcg gecacactta ggggicggot gectgotige cgggeaggge
1141 agtccegggg tgelgiogtg cgggeggaag ggctgteget togaggtigtg ceggegagac
1201 actccgggee tcageegtac cegeaacagg gacagticte cioocticeg ggetggatag
1261 teecttcece cgaaatgegg cgagatctee cagtcageee ggaaaacace cgclgtgeee
1321 aggtacictt igcticgaac agacaggeeg gacggtceac ggaggaggtt tgtgggcage
1381 ggaccacglg cggcgaccag acgacggttg ttectcggta feeeegetct tgtactigty
1441 acagegclca cgelggictt ggclgteceg acggggegeg agacgcigtg gegeatgtag
1501 tgtgaggcea cccaggactg gigeclggag gigeeggicg acteccgeag acagectgeg
1561 gaggacggeg agtticigct gettictecg gtecaggeag cgacctgagg gaactattac
1621 gegetegggg aticgtacte ticgggagac ggagecegeg actactatee eggeacegeg
1681 gtgaagggcg gtigelggeg glecgetaac goctatecgg agetggtege cgaagectac
1741 gacticgceg gacactigic gticciggee tgcageggee agegeggceta cgecatgett
1801 gacgctateg acgaggtegg ctegeagelg gactggaact coectecacac giegetggtg
1861 acgatcggga teggeggeaa cgaictggag ticiccacgg tittgaagac cigeatggty
1921 cgagtgeege tgelggacag caaggeglge acggaccagg aggacgetat cegcaagegy
1981 atggcgaaat tcgagacgac gltigaagag ctcatcageg aagtgegeac cecgegegecy
2041 gacgeceegga tectigtegt gggctaceee cggatttttc cggaggaace gaccggegee
2101 tactacacgc tgaccgegag caaccagegg tggcetcaacg aaaccattca ggagticaac
2161 cagcagcetcg ccgaggetgt cgeggtecac gacgaggaga tigecgegtc gageggagta
2221 ggcageytag agttcgigga cgtetaccac gegtiggacg gecacgagat cogoteggac
2281 gagecgtggg tgaacggggt geagtigeag gaccicgeca ceggggatgac totggaccge
2341 agtaccitcc accoeaacge cgelgggeac cgggceggtcg gigagegugt cafcgageag
2401 atcgaaacey gecegggecy fecgetclat gecactticg cggtggtage gggggegace
2461 giggacactc tcgegggega ggiggggtya cecggettac cgtecggeee geaggtelge
2521 gagcactgeg gegatctggt ceactgecea gigeagticg tcticggtga tgaccagegg
2581 cggggagage cggatcgtig ageegtgegt gicitigacg ageacaccee getgeaggag
2641 ccgticgeac agtictctic cggtygecag agtegggteg acgicgatee cageccacag
2701 gcegatgetg cgggecgega coacgeegtt geegaceagt tagtcgagge gggegegeag
2761 cacgggggeg agggegcegga catggiceag gtaagggecg tcgeggacga ggcteaccac
2821 ggcaglgecg accgegeagg cgagggegit geegeegaag gigetgeegt gefageeggg
2881 gcggalcacg tcgaagacit cogeglegee tacegeegec gecacgggea ggatgeegee
2841 gcecagegcet tigecgaaca ggtagataic ggegiegact cegetgtggt cgcaggeeeg
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FIGURE 50

(SEQ ID No. 40)

1 vgsgpraatr mifigipal vivialtivl avpigretiw rmweeatqdw cigvpvdsrg
61 qpaedgefil lspvgaatwg nyyalgdsys sgdgardyyp gtavkggowr sanaypelva
121 eaydfaghls flacsgqrgy amidaidevg sqldwnspht sivtigiggn digfstvikt
181 cmvrvpllds kactdgedai rkrmakfett feelisevrt rapdarilvv gyprifpeep
241 tgayythitas ngrwinetiq efnqglacav avhdeelazs ggvgsvefvd vyhakighei
301 gsdepwvngv girdiatgvt vdrstthpna aghravgerv iegietgpgr plyatfavva
361 gatvdtlage vg '

FIGURE 51

(SEQ ID No. 41)

1 mritviaasa lllagcadg areetagapp gessggiree gaeastsiid vyialgdsya
61 amggrdgplr gepfcirssg nypelihaev tditcqgavt gdileprtig ertipagvda
121 ledttivil siggndlgfg evagcireri agenaddcvd ligetigeql dqlppgldrv
181 heairdragd agvvvigylp lvsagdcpel gdvseadrrw aveligqine tvreaaerhd
241 alfvipddad ehiscappgq rwadiqgqqt dayplhpisa gheamaaavr dalglepvqp
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(SEQ ID No. 42)

1 tictggagtg tiatggagtt gtiateggct cgtectgggt ggatecegee agatagggta

61 ttcacgggag actitigigt ccaacagecg agaatgagty cecigagegg tgggaaigag
121 gigageggog clgtgicgee atgaggggge ggegagetet giagtgeeee gegacceeeg
181 geceeagtga geggtgaaty aaaleegget gtaatcagea tecegtgeee acceegteag
241 ggaggtcage geceggagty tctacgeagt cggateetct cggacteage catgetgteg
301 geagcatege getecegagt ctiggegtee cleggetgtt cigectgetg tecctggaag
361 gcgaaatgat caccggggag tgatacaccg gtggteteat ceeggatgee cacitcggeg
421 ccatccggea aticgggeag cteegagtag aagtaggtag catecgatge gicggtgacg
481 ccatagtggg cgaagaictc aiccigeicg agggtgetca ggecacicic cggatcgata
541 tcgggggegt cetigatgge gtecttgetg aaaccgaggt geagetigty ggcttecaat
601 ticgcaccac ggagegggac gaggeiggaa tgacggeega agageccgly giggaccica
661 acgaagutag gtagiccegt gicatcattg aggaacacge cetecacege acccagctig
721 tggeeggagt tgtcgtagge getggeatee agaagggaaa cgatcicata ttigtcggtg
781 tgcicagaca tgatcticet ttgctgicgg tgictggtac taccacggta gggcetgaatg
841 caacigtiat tittcigtta tittaggaat tggiccatat cccacaggct ggctatagtc
801 aaalcgicat caagtaatce cigtcacaca aaatgggtag tgggagcecect aggicgeggtt
961 ccgigggagg cgcegtgecc cgeaggateg teggeatcgg cggateigge cagtacceeg
1021 cggigaataa aatcaticiy taaccticat cacggttggt fttaggtate cgeeecttic
1081 gtectgacce cgleccegge gegegggage cegegggtiy cggtagacag gggagacgty
1141 gacaccalga ggacaacggt catcgcagea agegcattac iceticicge cggatgegeg .
1201 gatggggecc gggaggagac cgecgglgea ccgeegggty agtecicegg gggeateegg
1261 gaggaggagg cggaggcegtc gacaageate accgacgtct acatcgeeet cggggatice
1321 tatgcggega tgggegggeg ggatcagecg ttacggggtg agecgticig cotgegeteg
1381 {ccggtaatt accgggaact cciccacgea gaggteacceg atctecacciy ccagggggeg
1441 gigaccgggg atctgctcga acccaggacg ctgggggagce geacgelgee ggegeaggtg
1501 gatgcgetga cggaggacac caceciggic accclcicea tcgggggeaa tgaccicgga
1561 ticgaggagg tggegggaly catcegggaa cggategeeg gggagaacgce tgatgattge
1621 gtggaccige tgggggaaac catcggggag cagcetegate ageticecee geagcetggac
1681 cgcgtgcacy aggetatceg ggaccgegee ggggacgege aggtigiggt caccggttac
1741 clgcegeteg tgictgeegg ggactgeece gaactgggag atgictcega ggeggategt
1801 cgtigggegg ttgageigac cgggeagate aacgagaceg tgegegagge ggecgaacga
1861 cacgatgece ictttgtect gececgacgat gecgatgage acaccagtig tgecacceeea
1921 cagcageget gggeggatat ccagggecaa cagaccegatg cotatceget geacecgace
1981 tcegeeggec atgaggegat ggeegeegee gtcegggacy cgetgggect ggaaccggte
2041 cagcegtage gecgggegeg cgettgicga cgaccaacce atgecaggct geagtcacat
2101 ccgcacatag cgegegegag cgafggagta egcaccatag aggatgagec cgatgeegac
2161 gatgatgagc agcacactgc cgaagggtig ttcccegaagg gigegeagag cegagtecag
2221 acctgeggee tgctecggat catgggeeca accggegatg acgatcaaca ceccccaggat
2281 cccgaaggeg ataccacggg cgacataace ggelgticeg gtgatgaiga tegeggtece
2341 gacctgeect gaceecgeac cegecleeag atectecegg aaatecegag tggececctt
2401 ccagaggtig tagacacceg cceecagtac caccageceg gegaccacaa ccageaccac
2461 accccagggt taggatagga cggtageagt gacatcggtg gegateteee categgaggt
2521 getgecgece cgggegaagg tggaggiagt caccgecagg gagaagtaga ceatggeeat

2581 gaccgeccce tiggeectit cettgaggte clegecegee ageagetgge tcaatigeca
2641 gagtcccagg gecgecagag cgatgacgge aacccacagg aggaacigee cacceggage
2701 ctecgegatg gtggecaaag cacclgaatt cgaggcecica tcacccgaac cgeecggatee
2761 agtggcgatg cgcaccgega tecaccegat gaggatgtge agtatgecca ggacaatgaa
2821 accacciclg gecaggglgg tcagegeaag gtggicetcg geciggtegg cageeegtic
2881 gatcgtcegt ttcgeggate tggtgtegee citatceata geteccatig aaccgecttg
2941 agggotgage ggccactgte agggeggatt gtgatctgaa cigtgatgtt ceatcaacce



WO 2006/008508 PCT/GB2005/002823

33/37

FIGURE 53
(SEQ ID No. 43)

1 mrririvgfl ssiviaagaa ligaatagaa qpasadgyva Igdsyssgvg agsyisssgd
61 ckrstkahpy Iwaaahspst fdftacsgar tgdvisgglg plssatglvs isiggndagf
121 adimitcvig sessclsria taeayvdsti pgkidgvysa isdkapnahv wigypriyk
181 Igttciglse tkrtainkas dhintviagr aaahgitigd vritftghel csgspwihsv
241 nwinigesyh ptaagqsggy lpvingaa

Figure 54
(SEQ ID No. 44)

1 cocggeggec cgigeaggag cagcageegg cocegegatgt celegggegt cgtcticate

61 aggcegtcea tegegiegge gaceggegee gigtagtigg cecggacclc gieccaggty
121 ceegeggega tetggegagt ggtgeggige gggecgegee gaggggagac gtaccagaag
181 cceategica cgticteegg cigeggticg ggetegteeg cogeteegle cgtegectcy

241 ccgagcacct tctcggegag gicggegetg gicgecgtea cegtgacgte ggegeccegg
301 ctecagegeyg agatcageag cgtecageeg tegeecteeg ceagegtege getgeggteg
361 tcgtegeggg cgateegeag cacgegegeg cecgageggea geagegtgge gecggaccgt
421 acgcggtega igticgeege gtgegagtac ggelgetcac cegtggegaa acggecgagg
481 aacagcgegt cgacgacgic ggacggggag tegolgtegt ceacgtigag ceggategge
541 agggcticgt gegggticac ggacaigteg ceatgatcgg geacceggee geegegigea
601 ccegcelttce cgggeacgea cgacaggggce titcicgeceg fcttecgice gaaciigaac

661 gagtgicagc catticttgg catggacact tccagicaac gegegtaget getaccacgg

721 ttgtggcage aatccigeta agggaggtic catgagacgt Hecgacttg tcggetiect

781 gagttcgete giccicgeeg ceggegeege cotcaccggg geagegaceg cecaggegge
841 ccaaccegec gocgeegacg getatglgge ccteggegac tectacteet ceggggteag
901 agcgggcage tacatcaget cgageggega cigcaagege agcacgaagg cocateecta
961 cctgtgggeg gecgeecact cgeectecac gitcgactic accgecigit ceggegeecy
1021 tacgagtgat gtictcteeg gacageicgg ccegelcage teecggeaceg geetegtete
1081 gatcagcatc ggcggcaacg acgecggtit cgeegacace algacgacct gigigcicca
1141 gicegagage teetgeetgt cgeggatege cacegecgag gegtacgteg actegacget
1201 geeceggeaag clegacggeg tetactcage aatcagecgac aaggegecga acgeecacgt
1261 cgtcgicate ggctaceege getictacaa geteggeace acctgeateg gectgtcega
1321 gaccaagcegg acggegatca acaaggecic cgaccaccte aacaccgtce tcgeccageg
1381 cgcegecgee cacggctica coticggega cgtacgeace acctfcaceg gecacgaget
1441 gigctcegge agecectgge tgcacagegt caactggety aacatcggeg agtegtacca
1501 cceceaccaeg geeggecagt coggtggeta cetgecgale cicaacggeg cegectgace
1561 tcaggcggaa ggagaagaag aaggagegga gggagacgag gagtgggagg ceeccgeccga
1621 cggagiceee gteceegtet cegicteegt cocggtcccy caagtcaceg agaacgecac
1681 cocegicggac giggeeegca ccggaciceg cacctecacy cycacggeac {otcgaacge
1741 gecggtgteg tegtgegicg teaccaccac goegtectgg cgegageget cgecgecega
1801 cgggaaggac agegtecgee accecggate ggagaccgac cegtecgeug fcacceaceg
1861 gtagcegace fecgegggea geegeeegac cgtgaacgtc geegtgaacy cgggtgeecg
1921 gtegtgegge ggeggacagg ceceegagta gtgggtucge gageccacca cggteacctc
1881 caccgactge getgegagge
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FIGURE 55
(SEQ ID No. 45)

1 mrrsritayv tslifavgea ltgaatagas paaaaigyva lgdsyssgvg agsylsssgd
61 ckrsskaypy iwqaahspss fsimacsgar tgdvlanglg tinsstglvs ltiggndagf
121 sdvmitevig sdsacisrin takayvdsti pggldsvyta istkapsahv avigypriyk
181 lggsclagls etkrsainda adyinsaiak raadhgftfy dvkstfighe icssstwihs
241 Wiiniggsy hptaaggsgg ylpvmnsva

FIGURE 56

SEQID No. 46

1 ccaccgeegg gieggeggeg agieteclgg ceteggiege ggagaggtty gecglgtage

61 cgticagcge ggegeegaac gictictica cegtgeegee gtactegtty atcaggecct

121 tgcectiget cgacgeggec tigaageegg fgceetictt gagegtgacg atgtagetge

181 cctigatcge ggigggggag ccggoggega geaccgigee cleggeegag gtagectaag
241 cgggcagtge gglgaatceg cocacgaggg cgecggicge cacggeggtt atcgeggega
301 tecggatctt citgetacae agcetgtgeca tacgagggag tocteciclg ggeageggeg

361 cgeelgggtg gggegeacgg cigtggagag fgcgegegtc atcacgeaca cggecctgga
421 gegtegigtt ccgeecigag ttgagtaaag cetcggecat ctacgggggt ggctcaaggg
481 agligagacc clgicatgag tclgacatga gecacgcaatc aacggggecg tgagcaccce
541 ggggcgacce cggaaagtge cgagaagtct tggeatggac acticelgic aacacgegta
601 gciggtacga cggtiacage agagatccig ctaaagggag gticcatgag acgttccega
661 attacggcat acgtgacctc actecicctc gecgiegget gegeectcac cggggeageg
721 acggcgeagg cgtecccage cgeegeggec acgggcetatg tggecetegg cgactegtac
781 tegtecggtg teggegeegg cagetaccte agefecageg gegacigeaa gegeagticg
841 aaggcctatc cgtacciclg gecaggecgeg caticacect cgtegticag titcatgget

901 tgctcgggeg ctegtacggg tgatgtecty gecaatcage teggeaccect gaactcgice

961 accggcectgy totcecteac catcggagge aacgacgegg getictcega cgtecatgacg
1021 acctgtgtgc iccagtcecga cagegectge cictcecgea tcaacacgge gaaggegtac
1081 gitcgacteca ceclgecegg ccaactcgac agegigtaca eggegatcag cacgaaggec
1141 ccgtcggecc atgingecgt getgggetac cooegcetict acaaactgog cggetectge
1201 ctcgegagcec felcggagac caageggtee gecatcaacg acgeggecga ctatcigaac
1261 agegeceateg ccaagegege cgeegactac ggcticaccet teggegacgt caagageace
1321 ticaccggee atgagatclg clccageage acclggetge acagtetcga cctgotgaac
1381 atcggceagt cetaccacce gaccgeggee ggecagteeg geggctatcet geeggteatg
1441 aacagcegtag cetgageice cacggeciga attittaagg cetgaatitt taaggegaag
1501 gtgaaccgga ageggaggee cogteegteg gggteteegt cgeacaggtc accgagaacy
1561 gcacggagtt ggacgtcgtg cgcaccgggt cgegeaccic gacggegate icgticgaga
1621 tegticegcet cglgicgtac gtggtgacga acacctgctt ctgcigggte titccgecge

1681 icgccgggaa ggacagegtc ticcageeeg gatccgggac cicgecectic ttggtcacce
1741 agceggtacic caccicgace ggcaccegge ccaccgtgaa ggtegeegtg aacgtgageg
1801 cctgggeggt gggcggegag caggeacegg agtagtcggt gtgcacgeeg gtgacegica
1861 ccticacgga ctgggecgge ggggiegteg taccgeegee gecaccgeeg coleecggag
1921 tggagccega getgiggteg coeoegeegt cgaegtigte giectcggag gitticgaac
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FIGURE 57
SEQ ID No. 47

1 mygsgpraatr nliigipal vivtaltivl avptgretiw rmwceatqdw clgvpvdsrg
61 gpaedgefll Ispvgaatwg nyyalgdsys sgdgardyyp gtavkggewr sanaypelva
121 eaydfaghls flacsgqrgy amidaidevg sqidwnspht sivtigiggn digfstvikt
181 cmvrvplids kactdgedai rkrmakfett feelisevrt rapdarilvv gyprifpeep
241 fgayytitas nqrwinetiq efngglaeay avhdeeiaas ggvgsvefvd vyhaldghei
301 gsdepwvngyv qgirdiatgvt vdrstfhpna aghravgerv iegieigpgr plyatfavva
361 gatvdtiage vg

FIGURE 58
SEQ ID No. 48

1 cfgcagacac cegeeccgec tetecegga tegtcatgtt cggegactce cleagegaca

61 ccggcaagat gtactccaag atgegegget acctgeegte clcceegeeg tactacgagg
121 geegeticte gaacggeeeg gictggelgg ageageigac gaageagtic cecggeciga
181 cgatcgecaa cgaggecgag gggggegega cegeagiege ctacaacaag atcleclgga
241 acccgaagta ccaggicatt aacaaccticg actacgaggt cacccagtic tigecagaagg
301 aclcgticaa geccgacgac ciggtcatee tgtgggtgag cgecaacgac tacciggect
361 acggttggaa cacggagcag gacgccaage gggtgegega cgccateteg gacgeggeaa
421 accgcatggt cctgaacgge gegaageaga tectgctgtt caaccigeee gacctgggee
481 agaacccegtc cgecegceice cagaaggicg ttgaggeegt ctcgeacgtg tecgeetace
541 acaacaagct gciceicaac clcgeecegge agceicgeecee gacgggeatg gteaageigt
601 tcgagatcga caagcagtic gcggagatge fgcgegacee cocagaactic ggectgageg
661  acglggagaa cceglgctac gacggeggct acgtgiggaa geegticgee acecggieeg
721 ftcicgaccga ccggeagety teggectict cgecceagga gegeelggeg afegetggea
781 accecgctect ggcacaggeg giagceticge cgatggeceg cegeleggec tegeeectea
841 actgcgaggg caagatgtic tgggaccagg tecacceeac caccgtggtc cacgecgece
901 tctcggageg cgeegecace ticatcgaga cocagtacga gttectegee cactagicta

961 gaagaicc
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Figure 61
1. L1321
2. S.avermitilis
3. T.fusca
4. Consensus
1 50
1 (1) —-—————- MRLTRSLSAASVIVFALLLALLGISPAQAAG——————————~
2 (1) —————- MRRSRITAYVISLLLAVGCALTGAATAQASPA-———————=~
3 (1) VGSGPRAATRRRLFLGIPALVLVTALTLVLAVPTGRETLWRMWCEATQODW
4 (1) MRRSRFLA ALILLTLA AL GAA ARAAP
51 100
1 (32) P-A GCDSYSISGNGAGSYID
2 {33) -ABRRTGE SYSISGVGAGSYLS
3 (51) CLGVPVDSRGOPAEDGEFLLLSPVQOAATWGNYY. SYSSGDGARDYYP
4 (51) A A YV SYSISG GAGSY
101 150
1 {53) SSGD---CHRSNNAYPARWAAANAP~--SSFTFAACSGAVITDVIN-——-
2 {57) SSGD—--CKRSSKAYPYLWQARHSP---SSFSFMACSGARTGDVLA~——-—
3 (101) GTAVKGGCWRSANAYPELVAEAYDFA--GHLSFLACSGQRGYAMLDAIDE
4 (101) SSGD C RSTKAYPALWAARAHA SSFSF ACSGARTYDVLA
151 200
1 (93) ——NQLGALNAST--GLVSI/ ADAMTTCVTS—~———— SDSTCL
2 (97) ——NOLGTLNSST-~GLVSL] SDVMTTCVLQ-~~-~~-SDSACL
3 (14%) VGSQLDWNSPBT—-—SLVTIf STVLKTCMVR-————— VPLLDS
4 (151) QL LNS T LVSI] AD MTTCVL SDSACL .
201 250
1 (133) NRLATATNYINTTLLA-—————- RLDAVYSQIKARAPNARVVVLGYPRMY
2 (137) SRINTAKAYVDSTLPG—-—~—=—- QLDSVYTAISTKAPSAHVAVLGYPRFY
3 (191) KACTDQEDAIRKRMAKF—-—-ETTFEELISEVRTRAPDARILVVGYPRIF
4 {201) RIA AK YI TLPA RLDSVYSAI TRAP ARVVVLGYPRIY
251 300
1 (176) LASNPWYCLGLSNTKRAAINTTADTLNSVISSRATAH--———————— -GF
2 (180) KLGG-SCLAGLSETKRSAINDAADYLNSAIAKRAADH-——-—————— GF
3 ({237) PEEPTGAYYTLTASNORWLNETIQEFRQQLAEAVAVHDEEIAASGGVGSV
4 (251) s6 LGLS TKRAAINDAAD LNSVIAKRAADH GF
301 350
1 (215) RFGDVRPTFNNHELFFGNDWLHSLTLP VWES
2 {218) TFGDVKSTFTGHEICSSSTWLHSLDLLN IG0S
3 {287) EFVDVYBALDGHEIGSDEPWVNGVQLRDLATG-—————~—— VTVDRST]
4 (301) TFGDV TF GHELCSA PWLHSLTLP Vv 8
351 395
1 (248) PTSTGHQSGYLPVLNANSST-—
2 (252) PTARGQSGGYLPVMNSVA
3 (328) PNAAGHRAVGERVIEQIETGPGRPLYATFAVVAGATVDTLAGEVG
4 (351) PTA GHAAGYLPVLNSI T
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